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Tbk  &ct  tliat  two  edition*,  each  of  looo  oopii'H  of  this  work 
h»vo  boon  readily  purchaHed,  together  with  letters  reoeivwl 
from  eleotrici&na  and  Dtiulents  all  over  tlie  world,  may  juetil'y 
tb«  {Mithor  in  bolioring  that,  in  departing  iWim  thu  nearly 
UiiiventuI  ttyftttiin  nf  elootrical  text-booIiB,  h«  has  mflt  a  widely 
felt  want. 

There  aro  two  olectrtoitiofl  known  to  the  scientifio  world ;  the 
electricity  whioh  flxitta  in  nntun ;  attd  the  eleotricity  whj«fa, 
orcintt^l  l>y  inathenmiicianti,  esistti  ohiufly  upon  the  hUokboardM 
of  the  profenaor'a  otass-room.  It  is  tlie  6rat  of  these  eleotrieltiei 
whivh  tliia  work  oodeaTonrB  to  olaoidat«.  T)u>  ortifidal  (H«ty 
tricity  ia  very  useful  in  oaloulatiog  thu  effeots  of  electricity : 
but  tli3it  it  ilovH  not  aatUfy  earnest  thinkers  is  inanifest  from 
the  fact  that  recent  tvxt-booka  u<l(ipl  and  touch  doctriuea  whivh 
were  aeconnted  uttor  horceiea  when  this  book  fitst  appcwd. 

A  few  vroida  aa  to  tli«  object  of  the  author  may  pnereut 
Botae  misconoDption.  The  work  ie  not  intvndod  to  eiutbla  tho 
mu'ltir  to  "  vmu  "  for  an  exuminalion,  bnt  to  lead  him  to  think 
/or  hhutif;  not  so  much  to  give  8i)eoiflc  inatractiouH  at  to  uy 
special  cose,  oa  to  awist  in  forming  a  elear  oonoeptioai  of  thoee 
general  principles  whioh  include  all  ca«OM.  Space  would  not 
permit  tlio  full  truatmi.'nt  of  nuuiy  nulijeots,  and  the  science  has 
now  oatatripped  the  powers  of  any  one  luun,  anil  ought  to  bo 
■pataaluad.  Tha  author  has,  therufoi-e,  dealt  fully  with  bia 
more  familiar  branches,  and  loft  tha  details  of  thoao  with 

hiob  he  haa  less  ao(|Uikiiitauce  to  be  studied  in  works  specially 
to  them.  The  principles  of  all  are,  however,  cxpliuncd, 
and  it  is  hopc<l  that  thuso  may  include  snggealiona  not  to  be 
found  in  the  wore  specialized  books. 

This  edition   is    no  mere  reprint,  vvery  senteooe  haa  been 
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examiuod,  Kud  ertry  tourcA  of  infonnntion  studied  to  bring  tixn 
w»irk  TuUj  up  to  date.  Ono-third  of  tho  book  is  ro-written  : 
nothing  of  cousoquvuoe  bus  buen  uiuitled,  but  t^  make  room  for 
tbn  HAW  matter  §omeof  the  leas  important  illustrntions  have 
I}een  BOt  iisidc<,  iiud  nil  nnneceimury  wordu  cut  dovm;  but  the 
work  as  a  whole  ii;maiiia  what  it  was,  the  expreaaioQ  of 
original  tliougbt  and  work,  not  a  mcro  orthodox  t»xt-book. 

Ah  Btttted  iu  the  fijst  profaoo,  "  the  ohjaot  has  been  to  review 
th(<  loading  aiid  o»»cntii>l  tacts,  nnd  to  bi>  tprntrinntiw  thorn  as 
t^j  form  of  tbam  a  catalogue  raitoimi,  iii  which  ail  information 
oblAined  elsewhere  mny  be  readily  insrricd,  and  bu  as  readily 
avnilablo  wbon  rc4)uired.  Many  mere  fuetH  found  in  all  otitor 
books  ou  electricity  may  here  be  omiltcd,  or  only  slightly 
glunoitd  at;  biit  on  tho  other  httml,  prineiplr*  arc  dwoU  npon, 
and  tho  instruments  uecofisary  for  their  study  fully  explained, 
so  tliat  tlitmc  who  may  have  tome  incobunical  aptitude  may 
ooDstruot  them  for  themsclTes,  the  very  beat  [luasJble  way  of 
itndorstiindtng  them." 

It  may  l>o  ua  well  to  remark  that  the  hintoiy  of  electric 
diaoovery  and  progress  does  not  enter  within  the  noopo  of  this 
work,  but  tliut,  where  occasion  colls  for  roferenco  to  sncb 
anbjects,  it  has  be&n  the  detiire  uf  tliu  uulhur  to  give  honoar 
where  honour  i«  duo,  upon  purely  scientific  considerations. 

It  should  alao  be  nieutioued  tbut  this  work  originated  in 
a  Korios  of  articles  in  the  EnglUh  Mechanic  and  Inter  papen  in 
the  EUctricioM ;  tbo  now  illustrations  iu  the  Chapter  on  CurreDt 
appe*TX>d  in  the  Electrician,  and  the  cnrrvit  of  Hufe  ourrcot  in 
tliu  EUclneal  Engiaetr. 
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ELECTRICITY. 


OIIAFrKR  L 
INTHODIICTOBT. 

I.  SiiiicrfioiaJ  tbinkers  commonly  doride  what  thflj 
"  Hiigicrfiiitul  kuowledfi^e,"  and  qiioto  tho  poet's  orroneons  < 
Lli«t  "  a  liltlo  knowlodco  is  a  iiangorouif  thin^."  A  little 
ledge  may  bo  luoet  vaFualilo,  aitil  in  scicneo  it  u  certain, 
to  understand  any  ono  milijoct  tboroiighly,  wo  mxtst  know 
thing  of  many  othor  Bubjocts;  each  knr>wti^g«  can  oi 
slight  or  saporfioial,  but  vre  neror  know  iit  what  momi>nt 
appftrmtly  am>ll  pieoe  of  kuowk-d^e  m-iy  tlimw  n  flood  oi 
In  ta  nnexpeoted  direction  ;  ao  that  the  atu'leot  of  ikny  ■ 
should  endearoar  to  got  m  vide  knowled^,  even  wh< 
oaDAOt  eeoure  depth,  bnt  he  ahonld  take  care  tliat  liia  ' 
ledge  i»  aocnrato,  bo  far  u  it  goce,  and  ahoutd  cat 
neognim  its  tmo  limita.  A  little  knowledge  only  1m 
dongoroiu  wlion  it  ix  buliorcd  to  bo  Kntator  than  it  is. 

3.  Ijoril  Durliy,  in  one  uf  hia  adtlruiwM  to  studonts,  d 
knowlodKu  UH  thut  whiuh  a  man  had  w>  soourod  that  he 
produce  it  at  any  mouiotit  oat  of  bis  own  head  ;  that  defi 
may  be  correct  from  the  jioint  of  view  of  a  onniiuer  for  ( 
natiuus ;  it  is  nut  tine  as  reUt«8  to  the  pniotioal  mun  of  « 
for  pcrhaiM  the  most  valuable  port  of  liia  kimwled(^ 
knowing  whera  to  iiud  what  he  wauto  wlieu  lie  wauU  it. 
knowledge  we  can  carry  in  our  heads  tiiay  be  compared 
money  in  onr  pockote,  the  other  is  our  buuk  acoonol.  Tb 
who  tries  to  fix  all  his  knowledge  in  bis  own  memory 
gets  mnch,  and  is  very  apt  to  injure  bis  health,  and  dwt 
reosouiii);  powers.  The  great  importanoo  of  (Wry  is  1 
links  togetner  the  whole  range  of  »  scionco.  enabling  as 
member  without  taxing  the  memor}-;  it  often  gives  n 
knowledge  of  facu  which  we  have  never  known  as  such, 
ItBysteuiatiaos  all  the  classes  oTour  knowledge,  as  a  woll-an 
syetem  of  shelves  does  for  the  books  of  a  library,  or  thegd 
ft  warehouse. 
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J.  In  thp  stiiily  of  pl'ctricity  and  its  varioiw  Rpplicattone,  wo 
Ti-Hjniie  to  huvd  8oni»  kniKvlinl^o  of  tho  ftindamontAl  principle 
of  mecluitiica,  the.  laws  of  motion,  energy,  foroo,  nmi  hcnt,  and 
Abovo  all  we  need  Eoiue  cousidernble  noqmiintAnce  wit.h  the 
MDcrnI  principle*  of  chemiBtry,  i-Bpciriftlly  if  we  iqctmi  ti)  study 
It  as  one  of  tbu  priiii«  ageiiuitM  of  uuture,  iutiteiu)  of  as  »  moro 
dcparlmnnt  of  nititlii-uiatiaH,  ita  is  dtme  in  many  lext-lxfoks. 

In  tliie  work  the  former  is  Uie  point  of  view  udinit«i],  and 
thcroforu  iu  aoine  oaeea  it  appears  Iwst  to  treat  dii-Mtly  tiuino 
bnmohciH  of  ecicnoo  not  often  referred  to  in  olootrical  bouka. 
Thin  ia  expecialty  tho  case  with  chomiBtry,  and  n§  this  eoi^nce 
baM  gotie  throuf^h  f^at  changes  of  lute  ycara,  and  its  terms  and 
dootriues  are  differently  treated  by  difipi-oot  writers,  I  think  it 
bolter  uot  to  refer  tho  reader  to  worhs  treating  of  this  branob 
of  knowledge,  bnt  to  give  hero  the  generii!  oiitlino  of  tho  fncb<, 
principles,  anil  tirnm  which  will  bo  empbiyeil,  to  servo,  as  it 
were,  as  an  mitlinu  chart  )>y  which  wo  iniiy  iifterwards  travol 
intelligently  through  tho  land  wo  denre  to  expIorL<. 

4.  Ma-jter. — Of  tlieesseuoeornutureof  matter  iteolf  we  know 
abtnliiti-'ly  nothing,  and  uoTi-r  sliull  Know  nnytliing  ;  but  of  ita 
properties,  whellier  thuy  l)o  iuhoruiit  in  itB  own  osNenoe,  or  doe 
to  tne  aotioti  of  forouH  uunuetitod  with  it,  wo  know  a  good  deal. 

Matter,  as  known  to  uit,  oonHista  i>f  ourtiun  forms  which  we 
call  elements,  becaimo  they  aro  tho  eimpletit  tmbstaiices  wo  havo 
yot  nttuinod  to.  Tbeoo  inuy,  for  all  we  know,  be  ouuijkihihI  of 
varying  miituroB  of  yet  aiiupler  forma  of  matter ;  hut  tnio 
scienco,  as  divtiuguiahed  from  metaphysics,  refuses  to  admit  tli« 
■'  mag  be,"  but  resta  on  what  is  proeed.  Therefore,  ia  scdeDoe, 
mutter  means  tlie  elements  and  their  compounds. 

5.  Ei.EMESTs, — Of  these  at  present  sixty-five  aio  kno 
be«ides  ee\'eral  recently  discovered  or  aupp'.ised  to  have  '  _ 
iBi-'lat<.''d.  Thoy  exist  as  gases,  such  as  hydrogen  and  oxygen  ; 
as  liquids,  like  bromine  and  mercury  ;  and  as  solids,  sucn  as 
cailion  and  tho  long  livt  of  tnetals;  but  these  physical  statos 
are  not  ««entinl  to  lln'ir  nutiirc,  they  depend  only  on  their 
existing  relations  to  fornj,  un  boat  and  presKiirc  ;  and  a»  wo  can, 
by  altering  tho  conditions  of  forcu.  eaiiHO  moKt  of  them  to  paM 
fmm  mio  "tHttt  to  the  othent,  no  thero  in  no  reason  to  doubt  that 
every  j;iui  i-an  aJl^^ml■  tin*  Kulid  foriri,  iind  ovi>ry  solid  Iwoine  a 
gas,  under  nuffn^iciitly  altered  conditiontt  of  force. 

6.  Atoms. — There  is  abundant  <rvidenoe  lliut  tbeso  elemeiita 
exist  iu  the  fonu  of  ullimatA  paitieles  called  atoms,  p(HiSL«siug 
definite  diiuensiona  and  weisht.  Though  these  atoms  are  prac- 
tically infinitely  small,  and  beyond  our  powers  of  mettsurementt 

'  even  conception,  yet  their  existence  is  uot  a  mere  hypothesis. 
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Bat  B  [ogioHl  dcdaction  from  urell-pniTed  &eto.     All  the  aotiima 
Bf  naiittrT  provp  th^ir  rxiflt<<nce,  ftod  the  wkolo  framework  of 
nodsrn  cfadiDtstrj,  fttid,  indeed,  of  all  the  iisbml  Kionom,  w 
hiinil  nn  thfi  atom. 

ThMti  hftTe  been  many  disoDsmons  aa  to  ttio  «otak]  »xiel«nco 
of  atomii.  which  have  been  jmIIj  battles  abont  voids.  "  Atom  " 
mcKiw  iaiiritibU,  and  it  la  oliriona  that  any  partiole  luiTing 
dimeDKiuue  and  weight,  boiceTor  ainnll,  miiyt  ha  theoroticnlly 
eapablu  of  beini;  divided :  lint  wn  nrcil  not  vncamber  onrselvM 
witit  any  hy^Mtliesis  as  to  llici  ntom  being  infinitely  bard  and 
ao  on,  as  subtle  ni-asoDcra  about  thing*  b^vood  onr  knowledge 
continnally  do;  we  may  Mtuply  oontiider  the  atom  an  the  nlti- 
lDat«  particle  of  each  form  of  matter,  and  that,  if  divided,  it 
woiUd  DO  longer  romain  that  form  of  mutter. 

Tbeatom  baa  novtrral  rolationa  toforou:  (i)  to  f^vity,  which 
dnwiDds  on  it«  mim  simply,  without  reference  to  Ha  natnra ; 
()}  to  beat,  which  for  each  phyucal  form  of  nuitter  is  the  numo 
for  all  atoms ;  (O  chemical  affinity,  which  varies  between  ovary 
diflcrmt  clan  of  nioma. 

7.  ETBER.^I)eKideB  ordinary  matter,  known  (o  n»,  aiiecially 
aa  tbo  elements,  and  generally  as  poeaeaainjj;  intrtia,  and  the 
attraetici;;  forc«  of '^aritofioN,  and  aa  the  a}tent  by  which  mcripy 
is  mauifeeted,  there  most  be  something  fiUin;;  all  ajiooe,  by 
which  enoTgj,  u  light,  *c.,  is  tronsmitted.  What  it  re«Jly  is, 
wo  have  no  mcaiu  of  aacortaininf;,  nor  are  we  ever  likely  to 
team  except  by  deduction  from  its  actions,  because  it  is  im- 
possible to  lav  hold  of  and  analyso  it;  but  the  interesting 
mcarchcs  of  Dr.  Oookca  into  thoHc  cxtrctme  vacua  now  obtain- 
able Iry  meana  of  the  mtrouTy  pump  (and  which  are  readily 
carried  to  Uii;  one  milliontli  of  an  atmoaphcro)  strongly  aiiggvot 
to  the  acientiGc  ImaKinatiou  that  tJiis  so-called  "  fourtti  uliiU.'  uf 
matter  "  may  aotuully  be  the  inteivtcUar  cthor,  or  be  a  atuf^ 
towards  !l  If  ao,  the  eleraenUi  mnat  have  nndcrgone  no  com- 
plete a  trana formation,  utfaer  into  a  non-nfimio  condition,  or 
into  a  more  primal  atate,  that  the  elAer  no  longer  answers  to  tho 
fondameotal  deAnitiODB  of  nuiller.  It  has  no  inertia,  beaiuso  it 
ptodnces  no  fHatkm  or  tematauoe  to  motion,  and  theTcforc  docs 
not  absorb  soy  tiaergy  in  trartsinisaiau.  It  has  no  )n^vitation 
foroe^  forif  it  bad  it  would  Yary  in  density  at  varjin-^  distances 
frcMB  the  bodies  in  apace,  and  would  therefore  not  transmit 
li^t  imdistiirbed, 

BvA  whatever  may  be  the  ootoal  nature  of  the  thing  which 
flUa  *PftOe,  all  systems  of  physical  philoiiuphy  nlike  reqnint  thia 
a»«^led  "  ether" ;  for  bo  far  as  the  probaliilitic*  of  eovsral 
bnx^tCMS  arc  ooncened.  there  is  no  dlfierence  between  thia 
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<in«  ethereal  «iib«tni:ic«  trnnMniitinf^  tho  impntKCB  of  the 
fonxiB,  and  a  luoiiDilorciiiB  agunt  ui»<uing  from  tho  «un,  or  on 
electrical  fluid  pervading  spaoo  kod  taatt«r,  except  tliat  the 
filBt — the  modem  theory — ^U  by  far  the  moat  simple  and  moat 
aooordant  with  the  factn  needing  exptnnation. 

8.  Thii  hypothoHonl  etlior  iti  boing  grndtiftUy  mttde  l<>  fwlSl 
luora  and  ni<;t«  of  the  fanctions  fur  wliich  the  ohler  nhil<^ 
«cphen>  invonted  eepnrute  *'  lltiids,"  and   id   this  thero  lies  a 
new  dangur  for  real  Hoienoe.     Although  we  know  ikl)su1iituly 
nothing  about  tho  ethtr,  and  theoe  npplioations  of  it  are  mono 
gncsBL'H,  yet    when  a  word   is  invented  to  cover  a  difficulty, 
people  uiusily  ooine  to  beliuvo  that  this  word  actually  ei^pUiuit 
the  niiittur,  ami  Uio  liyputbeeis  gradually  aaeunio*!  the  rank  of  a 
Iht^ory  iind  at  IfiBt  au  u(%i>|>ted  dognia.     For  inslanoe,  Sir  W. 
Thomson  said  that  the  in<ido  in  which  the  ether  transmita  thr 
uudulattous  of  light,  iiii);lit  be  cuniparod  to  the  vibrations  » 
up  in  a  mass  of  jelly :  tbi«  is  a  tiKeful  illuetrntiou,  but  it  is  r 
tiling  mora  than  a  pnrnble  or  fable,  cmveying  a  truth  thiv 
tmreul  ligiirfs.     Yet  it  is  becoming  oimnioii  for  IcvtiircTB 
pnifnesurs  to  8penk  uf  the  ether  ai  u  jelly-like  tmli^tiinoo, 
tho  ma  thematic  iana  alreudy  commonly  commit  Itiu  ulmiir 
iippij  iuK  furmuia;  snd  argumeuta  bneed  ujmn  thi-  pri)]* 
puttier,  to  this  eiitily,  of  nhtoh  our  most  certain  know' 
that  it  doet  itot  pi/ue*t  thv$e  properties. 

Unfortunately,  inatiemalical  theorists  too  roadily  i 

Siucticoa  of  the  old  melaphyeiciann  :    they  are  apt  t 
iflicnlty   with    tbe   phroxe,    "  If  we  awume,"    and 
fcai'lotisly  on  these  assumjitions,  which  f^euerally  tak 
of  giving  to  tho  ether  some  arbitrary  property  whio' 
to  tha  CUM.     Now  hypothesis  is  nseful  iu  science, 
!)•  derived  from  the  facbf,  not  invented  merely  t* 
imaginary  expUnalion.    A  book-keeper  could  alv 
satisloototy  httlancu-sheet,  if  tbe  anditora  atlowtv* 
imaeioory  credits  and  draw  up<<u  them  at  ph-ua- 
wodd  be  trouble  in  realising  the  atieets,  ami  it 
tlieeofictitioiuexpUuatioiis.     A  wise  humility 
ignoianos,  and  a  wJHe  palienee  await  fuller 
than  invent  an  artificial  knowledge  which 
disguise  people's  real  ignoranoo  Iroui  them 
tbem  OLintented  with  it. 

9-  Atomicitt  OB  Vausct  ar  Atohb.- 
undea^gone  a  complete  revolution,    and 
ftatorea  of  the  new  system  ts  the  idee 
to  the  atoEos  having  dilfertnt  exchatiEf 
I  old  opinion  that  matter  bad  no  real 
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were  Eimplx  centre*  of  toiw.  The  modern  Mm  m,  that  IboDgh 
tbe  fttom  is  a  nutteruU  body,  it  tcta  u  a  oontre  of  (oro^  an  j  tlutt 
tlio  fttoiDS  of  difiomot  olomoDts  differ  by  jpoawMdng  ono,  two,  ur 
more  raoti  ouDtrea,  or  foci  of  influenoe.  Himico  tbu  olomcnU  an? 
daanfled  •■  mooadv,  monatomic  or  itiiivaleut,  baring  odIj  otiu 
attractioD,  such  as  hydrogen,  chlorine,  &c. ;  dyada,  dintoniic  oi- 
biralent,  baring  two  attraotioDB,  as  salpbDr.  or  oxvj^cn  ;  triads, 
tiiatomio  or  torridont,  with  tbroo  altraotions,  as  uttrogDn; 
tetrads,  totratomic  or  (jtiadriridont,  having  four  at'raotlofia,  as 
carbon,  and  ko  on;  thin  liivixiun  being  mainly  based  upon  the 
r«latin>  vobinMs  ui-i^ipicxl,  in  th«  gnaoona  ctato,  by  the  weights 
aocoptod  u  oountitnting  tho  utom  of  onob  olniiiunt. 

Th«  trotds  atomicity  and  raloncy  aru  friviiKintly  umid  as 
iynoDyiDOas,  bat  there  is  a  tendi-noy  to  atUieii  llio  fimt  tf.ria 
more  to  tho  theoretical  explanatiuu  of  the  nature  of  Uiu  utoin, 
wbilo  ▼aleney  exprcswM  the  faot  tliat  atoiiia  of  the  weights  now 
accepted,  do  in  oomhinatiou  or  aubntituttou  roptace  i.  2.  j,  or  4 
atoms  of  hydrogen.  This  involves  iu>  theory,  and  whenever  I 
ase  the  word  valenoy  it  must  be  nudcniCood  as  expressing  (his 
tiot,  rather  than  tbo  explanation  whit^h  fuUuwa. 

10.  It  is  oouceived  that  the  atoms  of  which  matter  ia  built  up 
an  c<ft  in  absolute  ooutaut,  but  are  sejiarated  by  sjiaoea  (con- 
taining ether)  in  which  they  wove  freely  nuder  the  auvem) 
toTtx*  to  which  they  are  exposed,  these  motions  replacing  in 
moderii  theory  the  atmospheres  of  forces  or  Suids  wliioh  useA  to 
b«  believed  in.  The  atoms  are  held  together  by  the  attraction 
ur  tcaoe  whioh  we  call  afHnity,  exerted  across  thoee  intervening 
spaeea,  Ibrongh  the  a^cnc^  of  tb«  ether. 

In  any  set  of  combination  or  drcoinposition,  nothing  lom  than 
one  atom  of  any  subetanco  concomed  can  tiike  part  or  nndorgo  a 
dao^  of  its  rolatioD  to  other  substances,  but  these  roUtions  are 
governed  by  tho  naiuber  of  uttraotious  proper  to  itself.  Thus 
an  atom  of  hydrogen  (1)  can  only  oomnino  with  one  atnin  of 
chlorino  (i)  to  constitnlo  tiyilroohlorio  acid;  two  utoros  of 
hydrogen  {■}  nntto  with  ono  of  oxygon  (2)  to  funu  wuter; 
throeatomsof  bydroKcn  witUonouf  iutrugeu(})  form  ammonia ; 
and  foor  with  one  of  carlxiu  (4)  make  iiiarsh  gas,  thtwi  being 
foar  of  thu  epical  forma  to  whioh  chemical  combinations  are 
rafuTod,  not  men^ty  for  oonvenieoce,  but  beoauso  they  are  all 
bodies  actually  existiug,  and  playing  important  parts  in  tho 
•henistry  of  nature,  and  also  because  they  are  forms  which 
woold  ivwiilt  from  the  several  atomicities,  if  these  really  exist. 
Ia  sU  ciuws,  however  many  atoms  unite  to  form  tho  new  body, 
diey  ermdeuae  into  the  one  unit  or  moleoiilai*  volume. 

Jl*  tu  the  actUiU  sbapee  of  the  atomy  we  know  nothing,  \iut 
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to  *n»lile  rea«lera  more  clcftrty  tn  realise  lh«  theory  set  before 
tbc'iii,  I  t-mi'loy  diflf^TiiH  in  wlta'ti  thu  several  atoms  are  re- 
pruBCDted  by  circles  cOBtnitung  <ln)H  to  mark  their  atomioitiee, 

aui]     BDntiundod    by   another 

Pfq^  i_  oircle  to  mark  tho  spaoo  which 

ee  tiara  tea     them     m>m     ooch 

>■ — -.       j^-^       y-~^       y-^-N     other,  and  in  which  they  move ; 

(  O  J  (Cv)  (©)  \®J  ''"'  ''  ""'"'^  '■"  iintlcnitood  that 
\^^/     V,_--'       ^ — '       ^^ — ^     thcBU  ilingriinm  nro  only  nidiito 

tho  imngiTiation ;  th<!y  n^jiro 
tmt  i<lpaB,  but  by  no  incaiia  miitit  l«  ttikun  for  actual  utcturuii 
of  tho  things  thoy  may  aid  dh  to  oonevive.  We  may  Uidnsfore 
picttun  tho  varionH  cIiuibuh  of  utoms  as  in  Fig.  1. 

II.  TnK  Moi-SCTiLii. — Fonimrly  tho  wonls  atom  and  molevola 
wcro  trontfd  ns  iiliiioBt  sy  hod  vinous,  but  the  raj'id  (jrowth  of 
modem  chemintry  hiia  roquii-eii  a  more  exact  definition  of  ideas, 
though  even  yel,  as  to  oonipoimJs,  the  word  molcculo  is  not 
linlVeqn«ntly  used  whi'io  atom  or  radical  would  be  moro  correct. 
Tho  strict  nicniiing  of  tho  wor*  now  is  the  smallest  qnanlity  of 
a  subst-inco  wliioh  in  ciipabloofscjiarato  eiistt>noeaB  a  froo  body. 
With  this  meaning  tho  word  is  equally  fitted  for  use  in  chemistry 
and  in  general  physics. 

It  in  therefore  a  body  in  which  all  tho  attractions  or  valencies 
are  satistioil,  leaving  the  combined  atoms  to  act  as  a  wholo  from 
one  oontro,  so  far  as  such  forces  m  gravitation,  coheaon,  heat, 
ftc,  nro  coroomcd.  A  body  whoso  flt()mio  attractions  are  not 
thus  satisfied,  though  it  bo  comi>l<:to  in  onu  ohomiont  spdso,  and 
hasnivul  oxtntcnou,  yot  cannot  eiint  byitsolf;  it  therefore  is 
not  a  molocnli',  bnt  a  compound  atom  or  radical.  becaoM  in* 
diviNiblu  without  ohnngu  of  nature;  to  become  a  inoluoule  it 
inmit  unite  witli  another  body  or  bodie«  suflliieut  to  satisfy  its 
altiscliona. 

This  applies  equally  to  elementary  and  compound  bodies,  and 
therefore  every  molecule  must  consist  of  at  least  two  atoms^ 
diatinct,  yet  united — and  acting  as  a  whole  on  anrrouDding; 
bodies,  llcnoo  a  piece  of  roppor  wire  is  not  built  np  of  atoma, 
as  in  Fig.  2,  but  the  atoms  aro  coupled  together  fin>t,  as  mole- 
cules, OS  in  Fig.  ;. 

It  is  ovidcnt  that  as  regards  eimplo  elements,  two  aloma, 
whatever  Ihcir  atomicity,  can  form  a  raoloculo  by  satiiifying 
Mch  utiii-r,  and  thin  ia  tho  usual  form  of  elvmonlary  molecule; 
but  thero  are  some  of  whii^h  tho  molecule  may  probably  contain 
•everal  atoma,  and  othera.  Huch  as  carlmn  imd  jilioaphorus, 
wliiob  exist  in  Mvot^  condillons,  or  allotr»pi<;  tdutcs,  the  oause 
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of  which  may  bo,  that  tJio  molcoiiloH  in  thesn  diflbront  Btafas 
GDDtain  ilifTciont  nnmbuni  of  atomit  nnil  iliRbrc&t  «ii«rgit«L 

This  lutt  word  marks  the  diatiiictiiMi  between  tho  chcmiHtry 
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of  the  past  and  that  of  tho  grovinf;  fnturc^  ITntil  lately, 
•liemiata  only  took  aoimiiiit  of  tho  materiid  atoniB  and  their 
uraDgonont.  Now  thoy  Iwgiii  to  Teco^^iiiBc  thitt  tho  Bt'>mH  nnd 
■oleculrs  havo  ancitbi;r  (<»iutitH<;nt  botiidcs  innttvr ;  tliut  onurgy, 
stored  pmhebly  aa  intumul  motion,  is  diiiully  Tvtil  uod  iiii[>or< 
taut.  Tlotio).'  themto-chi-iniKtiy  i»  bocomiTig  iiti  ini|)ortiLiit  aiid 
cnentiAl  Huhjeot  of  aludy. 

13.  UuLECOLiB  TvFBS. — Whea  different  elomeiiU  euter  into 
G(nabui*UoD,  the  uuiuber  of  atoms  fonuing  the  niolcoule  will 
depend  oa  tho  rvlutiTO  tuIoticEcs  of  the  snvtral  titoin*,  and  honoo 
w«  aniTO  at  oeitain  typiotd  forma  or  mok-ciihir  nkolutonii,  to 
which  all  oompouud  bodies  are  related.  A  uiitvalont  at^ui  can 
oaIyj<»n  aBiofflB  niUTaleiit  atom,  and  this  runiinhesi  the  first 
^rpo.  Fig.  ^  Here  the  two  atonu,  i  and  2,  in  muleoiilu  A,  may 
to  both  hydrogen  U'  il';  or  both  obloriii«,  CI'  01',  foriuinj-  the 
free  looleoille  of  hydi^Kj^en  or  chlorine;  if  1  in  hvdroi^eii  and  I 
ohloriiie  we  have  11'  Ci',  the  molecule  of  freo  tiyJroehlurio  acid ; 
and  if  we  eubetitato  aodiom  fijr  tho  hjdro^eu  in  thia,  we  have 
Ka'  CI'  the  molecale  of  common  salt,  and  if  we  now  auh^titute 
Iodine  for  the  chlorine  wo  bavo  Ha'  1'  iodiile  of  aodiiun.  Fig.  4 
A.  in  Uet,  Bhows  at  moleonUr  irnmo,  which  we  may  fill  up  itt 
pliMsaro  with  univalent  aubstancDS 
without  dMtroying  tbo  moluDnlnr 
ooiHtitiitton. 

I'ho  molecular  &i|uilibnum  wilt 
not  oron  he  duntroytHl  if  we  snb- 
atitote  a  comiionnd  atom  or  radical 
for  cilhL-r  or  tioth  of  (Jieso  atoms  ; 
thna,  retumiug  to  the  sodium  iodide,  the  iodine  may  be 
n^loucd  by  cyanogen  Oy'  (whif h  Ijuiiig  C"  N'"  hiui  unu  utlrao- 
tioa  unsadsfted)  productng  eodiiim  cyunidti  Nn'  Cy',  and  then 
Bsally  the  aodinm  may  bo  oichangod  lor  tbu  monatomio  radical 
of  eluohol,  ethyl  CjII,  to  form  cyanide  of  ethyl.  I  have  gono 
•oiaewhat  fully  into  this  typu,  in  order  to  give  the  gonontl 
piiDo(|de  ajjplioable  to  all— via,  that  any  typical  atom  in  any 
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Diolocale  may  be  replncvd  by  another  atom  of  limiW  valoncy, 
without  ulterinp  tlio  umingonicnt  of  th<i  tiiol<;ciilo,  mi<1  in  so 
doing  its  chuiniual  propcrtit*  will  only  be  gniltully  iL(ri>c(«<.l, 
According  to  tlit>  prii[>ertie8  of  the  Babetitutecl  ktoms,  without 
thuriftiiig  its  mlaliona  t^i  eloc(.rit-nI  force. 

Moli^culo  li,  in  Fig.  4,  is  iuti-iided  to  show  that  the  aunts  typo 
luolmk-it  bodies  of  higher  Tiilency,  where  only  two  atoms  of 
(Kiuul  valency,  e»ch  ftatiafying  the  othur,  are  contained  in  tho 
niolecnle;  eo  that  this  tyjio  iuotudc*  the  moleeulcB  of  tha 
el«iii«uta,  and  of  many  radioala  in  the  fi*e  form,  thou|;h  A, 
Fig.  4,  ia  that  which  is  called  the  hydrochloric  acid  type. 

The  next  is  the  Water  Type  ttJO  or  HiO,  in  which  one 

bivalent  atom  unites  with  two  nniTalent  atoms.  Fig.  ;. 

lieTe,  aa  in  the  Brat  and  in  all  other  molecular  forms,  each  at 
is  Oupabk'  of  being  exchanged  for  any  other  of  equal  valuo :  t' 
tho  hydrogen  atom  1  may  be  replaced  by  potassium,  and  wo  ' 

K') 

n:>  O"  hydrate  of  potaah ;  again,  2  may  be  oiuiilarly  ruj* 

giving  yr,\  0"  or  E}0,  potassium  oxide ;  or  instead  of  the 

gen,  the  oiygeu  atom  ]  may  be  exchanged  for  another  b 

ktom,  aa  milphur  giving  „.  (  8"  or  B,S,  enlphnrcttod  hy 

Two  ideal  furms  of  this  molecule  are  given,  beoaur 
will  convey  tho  whole  truth  ;  fir  we  may  uuncvivu  thf 
hydrogen  atoms  are  oqitally  held  to  th«  oxygen  in  w 
is  the  form  A,  or  one  of  thom  may  be  held  mora  st 
the  other,     Thoro  is  giH)d  rcasuu  to  suppose  that 
the  esse  in  ordinary  circumstauccs,  and  that  atom 

more  cloatdy  united 
pio,  8,  O;  that  110  first  ff 

radical    known    at 

which  tho  Bocond  « 

istinited.     A  stron 

idea  is  f<iund   in 

isomeric  bodies,  o 

the    Bume  clemc 

proportions,  yet 
dlfTerfnt  ptopertice.    It  is  evident  that  in  F 
bo  a  differonco  according  as  atom  1  or  3  waf 
element.     Still,  Fig.  ;  A.  is  aldo  true,  for 
wntored  together  anil  rcplaci.>d  by  a  sir 
which  caso.  however,  wo  enould  coTiud«r 
to  that  of  Fig.  4  B. 
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Thia  eapadty  for  obange  of  type  ia  iniport*nt  to  nnddrBtanJ, 
liMaaae  it  explaina  tbe  different  formuln  viv<iu  for  tiic  samo 
•nWunce.  Lnder  difTereot  treatment,  either  hy  liitiit,  pIik- 
tiicily,  or  chemical  nctJon,  the  Bame  snbatauce  will  bnsik  up 
in  different  manners,  just  as  a  crystal  may  be  brokeu  aloug 
dilTetviit  lines  of  cleavage.  Under  iba  iuiluence  of  an  electiio 
cnrrent  th«T<)  is  good  reaaoti  to  snpposo  that  tho  molecule. 
Fie.  J,  takes  tho  form  A,  the  atoms  i  and  i  pamiD^;  t)  one 
pote,  and  atom  }  to  the  other  polo,  while  und(;r  tho  action 
of  potassium  it  acts  >s  B,  pctrting  with  only  ono  atom  of  tl. 

t  J.  It  is  not  Dooenar)'  to  ^o  further  into  the  eabjoct  of  tbo 
types  of  iDolocnlar  conKtrtictioD  nntil  tbe  action  of  tho  olcotrio 
curent  in  doctrulysis  ha»  to  ho  otmiiTilimd  ;  at  pwwont  the  main 
thing  is  to  obtjtin  a  clear  conc«iil inn  of  muleoulox  iih  the  ulttmato 
particles  of  nuitlvr  in  iiU  ita  ordinary  furnia ;  m  Cua  brickH,  so  lo 
speak,  with  which  tlm  atilKttauovs  known  to  us  are  oonatruoted 
on  Tsgnlar  Kj  vtrmH  uf  iircbitecture,aQd  to  com  prebend  that  they 
hsTc  a  cnjiudty  of  sepurutinf;  into  at  least  two  parts,  wMeb  are 
hrld  tojtethcr  by  a  luntnal  attractiun. 

It  wUl  be  seen  that  there  ue  thus  two  cla«aea  of  molo- 
enle*— 

(i)  JfolMvIe*,  irAtcH  are  nlao  afomt,  being  indivisible  withont 
change,  as  water,  and  all  suits  and  adiis.  Thetie  uiolecules  are 
held  together  by  high  affinities  Tatying  in  each  case,  and 
teanire  conaderable  force  for  their  deGoniiiosiiion. 

(3^  MtiteuJta  f<mted  of  too  nmihir  atotm  or  radicals,  heM 
tosether  by  their  nnsatisGed  attractive  foci,  but  by  a  fecbbi 
annity;  UJese  are  capable  of  divitiion  into  two  similar  parts, 
and  that  by  a  small  expeodittire  of  foice.  This  !»  tho  Httte  in 
which  cxiitt,  as  froo  bodios.  the  olemoots  nnd  thoi'O  compound 

idinxls  t»ui;h  ns  cyanogen)  which  haro  mnny  of  tho  properties 

' eliunnntii,  thongli  known  to  be  oompounds. 

[4.  We  may  oouctiivu  tho  aoloonlo  as  ropresoDting,  on  the 
inGuitt^ly  small  soale,  the  solar  system  itsulf.  which  is  bailt  up  of 
everal  systems  or  parts,  eaoh  complete  in  ttsolf,  yet  all  linsed 
tl)  each  other  and  forming  a  balanced  whohi :  thns  Afvrcury  and 
"^enus  stand  aa  single  atoms,  tho  oarlb,  Jnpttcr,  and  Saturn, 
rilh  their  moODS,  resemble  the  cx^iiixiTind  atoms  or  radioaln 
imposed  of  eovsral  diatinot  atunis  tto  uniti^il  nn  to  play  tbe  part 
of  a  einglo  atom  in  the  mighty  molecule,  which  ajptin  forinii  bat 
SD  infinitesimal  part  of  the  oomplete  nniTersu,  hold  nitbiti  it  by 
lorcee  acting  ncriM  infintto  space,  ss  onr  molecules  are  united 
ikto  Tiaiblo  snl»l»noM  by  tbe  forces  of  cohesion,  *c. 

I  J.  Bcfon;  leaving  Iho  sabjoct  of  the  oonstruotion  of  com- 
pomd  bodies,  one  ganbrul   principle  muat  be   indicated,  nut 
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only  Tteoanse  of  its  great  general  importaooQ,  but  because  it  ih  tho 
rmiiidatiou  of  the  whole  theory  worked  ont  in  tliis  t>ook. 

ITie  atoina  of  ©aoh  eleujent.  having  each  their  definite  ohai^ 
of  enerjcy,  probably  in  tho  form  of  motion,  when  nnit«il  lut  m 
molecule  must  be  conceived  aa  giving  np  a  part  of  their  indU 
Tidnal  energy  or  motion,  to  oonstitttto  that  belonging  to  tlw 
partnership.  In  this  now  arran^incut  thcro  appears  to  be  s 
difToienco  eot  np  botwcwn  what  m  tho  ouso  of  cioments  were 
two  mmilar  utvms.  Thin  diflcrcncu  is  theoroticuUy  explained  in 
rarioiis  modes  :  it  is  HupjioBetl  that  ono  ]ioK9t.'KfK!ii  a  charge  of  the 
iuiH^iuary  jKKtitive  electnu  fltiiU,  and  thu  (ithcr  of  tlm  negative, 
ami  thu  miitiiul  attructiQu  of  thenu  <shargi-'«  liuldH  thi>  molecule 
toguthur ;  others  siip^iOHL)  that  one  atom  get«  a  Hpemal  ^arga  of 
till)  hj'pothetiuul  L-thor. 

Bo  lli<!  (-iiitfu  wliut  it  luiky,  we  have  the  fact  that  thoro  is 
■omothiiiK  iti  the  moleciilu  whioh  enables  it  tomanifi-st  diftenont 
AOdoDB  from  it»  two  constituents,  whether  those  are  nimihir 
atoms  or  difieTent  oloinent^ ;  molcijules  under  certaia  coudiliona 
do  manifcflt  attractiuna  oorixMiponding  to  tli«  N  and  S  pole«  of 
nftgoeta,  or  to  -(•  and  —  chArgos  of  electricity,  and  as  a  oonse- 
qoeooe  they  possess  tho  faculty  of  arranging  themselvea  in  a 
Borial  or  polar  order,  which  is  tbereforo  called  jiutarUalion,  ami 
which  oonstitutcs  a  material  chain,  through  which  energy  ia 
capable  of  transmiscion.  In  this  state  the  atomic  euergi<'« 
react  partially  upon  their  neighbours  in  tho  polar  chain,  and 
nndi-'r  the  infiuenco  of  an  applied  force  tho  molecules  can  break 
np,  nnd  the  adjoining  atoms,  oxohangint^  partners,  unite  to  form 
new  moliHinlcs;  tho  diagraniK  ehow  those  actions,  the  upper 
liraiskcta  rfprejienling  the  original  i>rder,  and  the  lower  Ones  tiio 
new  fiiruiatiuii  ; — 

y^h"*'^^    ^^■"••^    ji^n^^    /^hrt^^     *^h"i^^  j-"^^^  >*-^^»    *^"^^*    ^"^^^ 

+  -  +  -  +  -  +  -  +  -*"■  NSNSNSNa 

Thii  iHqstrates  the  action  in  oloctrolyaja  or  electro-ohemistrj-, 
wbon  at  each  end  of  the  chain  ono  oleuent  of  the  moloculo  is 
Wt  froo. 

1$.  Notation. — Tho  various  chemical  fuctw  and  r<yictioua  aiti 
oonciwly  cxprwwcd  in  symbols,  which  geiifrally  ari;  the  fiwt 
letti-'rof  thonnmo  of  tho  clement  in  Ru^IibIi  or  Latin  ;  eaobauoh 
Bymhol  stauda  for  i  ittam  of  thn  eleinotit.  multiplied  «*ben  neoctt- 
sar)'  by  a  smaller  Gguru  following  it  a  little  below  the  line:  all 
reactions  are  expressud  by  fintt  writing  in  aynibola  the  oou- 
stiuction  of  the  aubstuuci-u  nut  to  act  upon  each  other,  divided 
by  +  from  the  snlHtauceii  produced,  and  tho  two  should 
fliactiy  lepiiMent  the  total  atoma  engaged.    Tbeie  are  luauy 


'70 


CHKIUMI.   NOTATtOK, 


11 


iDOiI«ti  of  oxprvtwing  th«  aane  IkmIimi  in  different  rornmltB 
uouonliii);  to  the  hucuUI  theory  i>f  uonvtitnlion  a^lupted,  or  th« 
[i&rli(!iil>r  vicvr  of  the  inuttcir  intnn<led  to  ho  dcscribetl:  iind 
tiutn  UK  two  i)iBtin<-t  ayatenis  in  nxit. 

(l)  The  Emieaknl. — Thia  ftvntt^ni,  unod  in  ull  tha  old  Ivioke, 
ia  rawid  n-afljr  on  oxygi-^u  (wliiuh  wiut  rjillinl  ico),  aiitl  tb* 
wuittlit  of  h)'dn>gon  whii'b  combined  with  oxygen  being  oullod 
t,  tiu)  e(|uivalunta  of  ot)i«r  BabntanoM  were  ultcrwurds  m-konod 
fhHDtbiB.   llencowatcrisin  tbia  system  oallul  HO  (14-8=9). 

(a)  Thf  Alomif, — This,  whioh  is  call^l  tho  "  Now  Notalion," 
is  gwiif  rally  luiopU^  in  th«  modern  ohcniioa]  buokn.  It  ia  bawid 
on  the  fsct  tlint  wutcr  oontAJns  two  meaturet  of  bydR>go«  to  ouo 
of  oxygen,  iind  thin  lM-ing  oiint^ived  te  show  tho  ttlimitc  rela- 
tions, walor  Ixiccimtti  II^O ;  H  doing  Ktill  called  t  as  to  wvigbti  it 
beoomoM  ncMwiutry  tu  outl  O  =  16,  and  in  oomoquenoe  mtat  of 
tbu  m«taU  U>ivo  their  wvigbiii  ainitiurly  dmiblod  as  ooinjianKl 
willt  tho  equivalent  notaUon,  whiiu  ihu  number  of  atoms  of 
those  which  are  nncbanged  (the  uulvitlent  olrmonta)  have  tu  hu 
doubled.  Tho  followiug  oiamiilu  of  the  aotiuu  nf  xnlphurio  add 
apoD  nitrate  of  sods  oxhibita  the  two  sy atenis  >— 


BfuieaJenL 

SnlL  AtlJ.  Suit.  ilM. 

Na  NO,  4-  H  ^<\  =  Na  SO,  +  H  NO. 

2j  61         I    43        1)  43  I     (1 


>Sii  .NO, -f  TT,  SO, 
2)   62        a   96 


Na,  SO,  +  jW  no, 

46  96  1    6a 
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This  means  that  the  nitrate  of  »oda  on  txiing  mixed  with 
tulphnric  n«id  deoompoxes  into  sulpliate  of  smU  and  nitrio  aoid. 

The  oquivnlunt  system  is  leally  the  beat  for  tiloi^trloal  piir- 
pooM,  and  is  Tetnined  by  many  of  the  be&t  Fn<noh  ohtmiaU; 
Dntaatho  ntomio  notation  is  now uniTcraally  adopted  by  ICngliah 
ohtimiiitK  and  wriiurs,  it  is  necessary  to  uso  it,  to  aToid  «oufiision 
and  mlMimlerMUnding  by  nwilan. 

17.  FciicK. — Until  ntcontly  tbo  wordu  force  ftiid  iiiioTgy  wcro 
naod  iiiilifll-Teiitly  in  tho  ■wnno  of  j>owur;  but  tliey  are  now 
difleriMitialcd,  and/orcrt  rxprcMKi*  oaiiaes,  whJlo  tneryg  ospreMcs 
work,  and  capacity  for  work.  But  thoro  are  two  uses  of  tlio 
wofd  "foroo":  gravitation  and  all  fiinns  of  attraction  may  Ik) 
ided  as  foroDs  of  natiiro,  and  boat,  vlootriuily,  tm.,  arv  oallod 
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faroM ;  but  aooonUng  to  the  modem  ideas  "  force  "  oovurs  any 
af;enoy  wliiob  caa  geuemto  n  motion,  or  ftmst  or  cfauige  its 
direction;  &Dd  is  defiued  m  Uio  generator  of  "momontnm" 
whioh  inoludea  loaas  a^  well  as  volooity,  and  tbia  definition 
eDablee  ua  to  express  tlie  "tnergy"  irivolved  in  any  uutJon  in 
t«rnui  of  onit  force  adeqtiatti  to  the  production  of  tnat  energy. 
We  may  regard  furcei  tLoreforti  ue — 

I.  ilclated  to  mecLauioa]  eiiei'gy,  or  niotioD  of  matlor  um  minli, 
whiich,  like  gravitation,  is  oonuQctod  with  the  absolute  weight 
of  mnttiT  in  motion. 

II.  Forco  related  to  the  atom  of  matter.  Heat  does  not 
on  matter  by  weight  or  by  bulk,  but  atom  by  atom,  llie  a< 
of  iron  weighs  as  much  as  cS  atoms  of  hydrogen,  copper  £) 
silror  io9,  gold  197.  If  these  rolativo  weights  of  the  several 
Rubntanocs  (bolng  solids)  are  heated  to  thn  mrao  tomperature, 
and  wuth  tranHfiirr^d  to  an  apparatus  ra}iablc  of  menaiiring  the 
huitt  abttorbisl,  it  will  be  found  that,  different  as  are  the  cnan- 
lities  of  matter,  all  have  alworbed  the  bhiqu  qnuntity  of  neat. 
Of  oonrae  the  experinitiat  is  so  delicate  that  [Ku-fectly  exact 
results  cannot  be  obtained,  uuil  certain  corrections  have  to  be 
made;  but  the  deduiition  is  curUiiii,  that  lieat  acts  upoii  matter 
iu  itjt  several  pliytiioul  Etatos,  not  acoording  to  its  weight,  but 
according  to  the  uumtwr  of  atoms  it  contains. 

Tlie  relation  of  uum[K>uud  HnhstanoM  to  beat  is  not  no  nniple 
na  tliat  of  eletui^nts,  lltoiigh  Htill  a  distinct  law  is  iriKHtnblo 
throiiglumt;  eut^h  niolccndar  form  hits  its  own  relation  t4>  boat, 
which  is  due  to  thu  nunilfer  of  atoma  it  ooutftiua,  and  tboir 
Btiite  of  oouibiuatiuu. 

III.  Force  related  to  timmolecttl^  of  mutter:  such  are  the  f oroM 
of  electricity  and  magiietiKiu  which  depend  on  the  motioDa  and 
pol&riiy  of  ihe  molecules.  Heut  also  is  related  to  the  mol». 
oule  in  connection  with  internal  work,  such  as  expansion  and 
the  latent  h«at  of  fluidity :  tliat  is  to  say,  there  is  a  motion 
of  the  molecule  as  a  whole,  as  well  as  a  motion  of  the  atoms 
witbiu  the  moleoulc.  llence  we  learn  that  in  the  gaseous 
State,  under  tho  same  conditions  of  force,  nil  moU'Ciilof,  whether 
simple  or  complex,  occupy  tho  samo  space,  so  that  lient  and 
pr»Biire  produce  the  same  amount  of  expansion  or  contraotioQ 
upon  all,  proving  that  tho  force  is  noting  upon  tho  molocule  a« 
n  whole,  not  upon  its  component  atoms,  lleccnt  discoveri<« 
appiuir,  however,  to  limit  this  to  a  modttrato  range  of  tompcra- 
tnrua.  and  indit^nte  that  tho  law  of  Dnloiig  and  I'«tit  w  not 
S  BOnerai  but  only  a  purliiil  truth. 

IV.  Force  rcbi'ti-<l  to  tlic  cihur.  This  incliidos  light,  and 
othur  forou  Eaauiiij{  from  tlie  sun. 
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t^]  rOBCB  AMD   tMIBOr. 

This  oUaiiificatioii  Is  iiujq^liTU,  as  throwinj;  ligb 
obifcuru  8ubj«ct«,  <iti|)«oUlly  when  oombinfld  witb  l! 
oiiguiHiHl  fact  that  all  the  forcm  aru  oapaUe  of  trat 
into  K-^oh  otbt-T;  it  enables  us  to  ouniwive  that  if  t 
tioDS  of  th«  ether  produce  thu  effect  wbioh  we  coll  ', 
same  audulutinuH,  when  trauaferred  to  the  niateTial  i 
iu^  ae  it  were,  in  tbo  etlier,  produoo  the  eflect  wo 
and  thoB  wo  may  apprehend  th«  reasoD  wby  heat  an 
BO  constantly  cooxi^tont  and  eeomin^Iy  identical 
it  abiQ  explains  how  it  is  that  while  the  buu  tranami 
A  oouatant  supply  of  bout  a»  wi;ll  as  light,  yet  to  all 
tho  apnco  botwiH'n  the  «un  mid  us  is  devoid  of  bou 
transmitting  pure  enerijy  thmtigh  the  cthijr,  wbi<: 
tbo  funii  of  fiircu  xuiUililu  to  the  olijeuls  whiuli  ahoor 
orguiut  i.'i  inn  true  k'd  lu  iit-rcaive  it, 

1 8.  KsEBiiy. — Tlio  idea  oonvi-yed  by  this  tftrm  ii 
many  of  tbe  ulJ  fluida,  aud  fuucliutia  of  tbo  ether :  it 
to  define,  becnuse  euoh  a  name  cunveys  tbe  idea  of  i 
existeuoe.  as  do  the  worda  light,  heat,  electricity,  &o. 
ate  now  aeen  to  be  not  tbiogs,  but  actions,  aiid  euerj 
foro  a  word  wbich  cxpraMo*  tbe  gvooml  agency  of  « 
am  but  forma.  Energy  i«  reullT  motion,  or  tho  enpai 
into  motion.  Actuiil  luution,  wh^tbur  Dt<K;luiuic«l  or  i 
turo  or  aomiible  btiat,  d:c.,  in  cullod  jh'ncfiV.  The  (lapa 
into  taotioD,  na  wb<.<ni  vUL-rgy  is  irtored  in  a  atmined  ■] 
ohemieal  deoomjMjtiitiou  or  what  utiud  to  bu  calluJ  "  lii 
is  ealted  yttential.  The  doctrine  of  tlie  "  0(iiuii.-rrutiuu 
wbioh  baa  played  so  impurtttut  a  part  in  modem  nuiei 
that  "  energy  "  ie  aa  uidextruclible  and  aa  iuipiwei 
created  as  is  "matter"  :  that  as  iu  tbe  variuu-i  acti 
noour  matter  is  neither  created  uor  deatroyed,  but  on 
ila  oomhinBtions  nnd  forms,  so  energy  (derived  from 
stared  up  iu  ilfeciing  tbe  reduction  of  water  and  oa 
tu  fenii  wucl  or  coal ;  remains  "  potential,"  and  n 
oombuatioD  "  kinetic "  as  beat,  and  paaaea  by  th« 
ataam  engine  into  mechanical  work ;  all  of  tnuao  b 
of  anergy  having  mvasumble  nilationsto  each  othar. 
fact  the  eountcrport  of  the  dootxinu  of  tho  oo-ndut 
forooa.  Energy  thus  Is  tbe  result  and  the  lueaHnre  of 
of  ft>r«^  In  tliis  uuUrKod  view  of  force  and  energy  n 
underlying  truth  which  justiGed  an  old  and  appota 
doned  theory,  for  in  modem  aciencv,  cntrify  ur  inter! 
ia  gradually  aaHuuiing  the  position  of  phlegiston 
obeiubitry, 

19.  EuxrriuaTi. — The  varivua  tbooriua  of  tbe  uali 
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tricily  ato  explained  iu  their  proper  plaoes.  Here  it  wfll 
Riiflioe  to  nay,  that  eleolricity  is  uot  a  thing,  liut  only  a  won!, 
KTuapiuii;  to^^ther  natural  fa«t§  and  ide&e  as  to  thoir  cause,  aud 
uiut  a  i^eat  error  is  commonly  committed,  even  by  euinent 
sciuntifc  men,  by  conftming  distinct  things  under  this  one 
nftuie ;  wo  speak  of  torrents  of  electricity  poiirorl  forth  from  the 
thunder  cloud,  and  from  tho  dynamo  mnchino.  we  might 
as  well  class  all  the  work  done  %  hydriinlin  muchinory,  and 
tho  phenomena  of  the  ocwin,  wnilrr  tho  iiiime  of  "  water." 
Electricity  wimprimw  plicnomnnn  of  two  iliitlinct.  ordorn,  thoM 
of  cloctric  qiianlity,  and  (iT  idcutricr  f(>ru> ;  it  iit  the  fust  uf  thoM 
only  to  which  tho  name  electricity  proiKirly  W)»ngB,  a«  coin* 
pared  to  a  thing,  a  fliiii] ;  nit  *  inttttor  of  well-knonii  fact  uloo- 
tiio  quaotity  in  very  tniull  in  the  lightning  fln^.  The  light- 
ning is  Mimply  a  oate  in  whioli  an  enormous  amount  of  energy 
i«  char^l  «i>on  a  email  eleitiic  cfnantity.  This  "quantity 
la  related  to  the  molecniar  constitntion  of  matter,  as  ia  mani- 
fuated  in  chemical  actions.  AVo  may  find  a  very  perfect  analogy 
iu  hydraulic  works,  whore  energy  is  tiansmittcd  and  work  dune 
through  tho  agency  of  water  in  pipes.  Eloctiio  "quantity" 
may  tie  compared  to  bulk  of  water  transmitted,  while  electrio 
"  force"  resombleB  the  pressure  put  Upon  the  water,  w  will  be 
aeen  hL-reafter. 

30.  Acoording  to  the  theory  adopted  in  those  pages,  o1eo- 
tricily  is  not  material  or  a  qaasi-matorial  fluid;  nor  is  it  a 
tipccial  force,  or  enercy:  much  argnrnvnt  haa  l>een  used  by 
partisans  of  each  of  tneaa  vivws,  to  piovs  the  other  erronenua, 
and  both  sides  are  quite  socoewfid  in  the  effort.  But  iinito  tho 
two,  and  wii  have  a  clear  truth.  It  is  euergj'  charged  in  a 
special  nianni<r  utxin  ordinary  mutter,  and  duveloning  Mpeoial 
rclationn  uiiiimK  ita  molncnlcn.  Since  tho  first  editiuu  of  this 
work  wall  piiljlmiifd,  thid  view  has  gained  much  ground,  and 
nutny  thing*  which  then  were  regarded  as  hei-eaiee,  are  now 
gonorally  adopted  an  troe  aoieuUfio  principles. 

21.  Vi&  not  uuoommouly  hear  of  the  "  oonveraon  of  electricity 
into  light,  heat,  or  mechanical  energy."  This  is  an  error,  due 
to  tho  L'onfiiHion  of  the  two  factors  of  electricity.  Electricity 
cmIIh  l(ir  two  dixtinot  expreasioua,  Q,  and  Q*.  The  tii>t  is  tlutt 
which  the  old  tlteoriea  considered  to  be  material  or  analogona 
to  mattor.  and  represented  to  the  mind  hy  the  vxprcasion 
"  imponderable  fluid,"  but  which  the  new  theory  contuHcra  to 
be  numerical,  the  action  of  definite  material  quantitioe  or  rnolu* 
OuIe«.  This,  which  ia  properly  the  "electricity,"  can  no  more 
be  conrcTt*d  into  heat  or  anything  else,  than  can  tho  w»(w  in 
^^Hsni  boiler  or  hydrantio  ongina.      The  mrcuud,  Q'  ia  th« 
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eleotrio  •net^,  tfao  triM  cam*  of  electrical  pheDomcnK,  ami 
ODDTertiblo  mtu  hcttt  u.uA  work,  becaoao  it  oosivt'rH  osnctly  tt> 
the  mecli«ii«)  •nern'  (hl*o  coDwrtiblo)  c*rned  by  thn  witt«r 
M  bUmiu  frocD  K  boilor,  or  under  promirD  in  the  kydraulio 
«agii»o. 

33.  Bnt  whilu  iici«Dtif!c  men  am  liut  ooffiiDg  to  this  view  of 
eloctricity,  aiiil  it  ix  very  comnxMilj'  onijilnrot),  rnoro  pnrticiitarly 
in  oonncctiuii  with  ilyiuiiuiu  L-luutrioily  or  giilvnnipin,  atill  the 
now  thoorj  u  nirvly  fully  sot  furtli  and  ^iiImtitut^Ml  for  thu  old 
flnid  tlii!cri«8,  uiil  lher«fore  it  is  very  dini(.-uU  fur  atmlvnta  to 
obtkin  that  clear  view  of  the  subject  which  ia  de«irftble, 
tspeotaUy  as  all  the  older  terms  of  tlie  eraenoe  were  devised  lu 
connection  with  the  old  theoriea,  and  are  exceedingly  ilt-Gtted 
to  oonve;  the  new  oo«  without  prodncing  lanch  oonfnsion  of 
ideu. 

This  work  in  its  original  form  was  intended  to  meet  this 
niqairemcnt,  and  the  plan  ndoptf^d  has  been  to  commcnoe  with 
a  few  leading  fads  and  prindplea.  then  describe  the  varions 
farms  of  instmrncnt*  ncticsMry  to  examine  the  actions  of  the 
force,  Nid  by  their  aid  trocv  out  the  genernl  laws  and  fnnda- 
tnentel  principle*  of  th*  sraenoe,  after  which  the  applications 
of  the  force,  the  natare  of  which  has  been  thus  examined,  will 
become  far  more  iDtolligiUe  than  by  piling  np  isolated  faots,  or 
deacribing  moro  procom.'w,  however  pnctically  valtiablo. 

To  do  this  in  a  pcirftctlr  metliodiiul  manner  is  always  more 
difficolt  in  a  natural  »<!i<!noe  than  in  miitli<!iiiutii:«l  ntudics, 
bennso  it  is  impotucible  to  uudcmtauiil  the  niunt  eloniuntury  faiits 
witbont  a  conm de-ruble  aoquaiutauoe  with  the  mibjoot ;  and,  on 
the  other  hand,  to  lay  a  wide  foundation  iu  eleracntary  fact« 
bcfori!  dunlin^  with  ihetr  thitory  would  not  fulii!  llio  jmrpimu  of 
both  leading  the  be^inuer  in  the  K^t  course,  and  showing  the 
mtm  adv&noed  how  to  adopt  the  new  interpretations  and  to 
free  themaelvee  from  the  mental  confosiou  produced  by  tho  eld 
thenriw,  wbilo  at  the  same  time  fnriiiahing  the  pnietioal  man 
with  the  ioterpretation  of  the  processes  he  employs. 
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3j.  It  in  now  gODcrally  ailmitUid  that  motion  is  couvcrtiblo 
iutu  heJtt,  nnil  thu  effort  of  rriolioD  ie  a  familiar  iUuatnitivn  of 
this.  If  we  tiini  a  grimlstono,  it  requires  a  coi-taiii  foioo  to 
start  it,  ami  tlioii  the  espendilure  of  a  certaiu  amount  of  (iiicrgy 
to  koep  it  in  niotiou,  to  overcome  the  friotiou  of  its  bearinga 
ftnd  tbo  air,  and  ttion  so  much  more  as  is  needed  to  overaoma 
th»  rwistuiice  of  any  object  we  press  a^iust  it.  If  w«  ^t  tli« 
ntono  iiito  rapid  motion,  and  then  cease  to  work  at  it,  it  will 
run  ft  oertain  tinio  before  stopping ;  but  if  we  hold  against  it 
a  pwoe  of  ateol,  it  wi!J  come  to  rest  in  less  time,  because  its 
moiDOutum  is  absorbed  by  the  fiicliun ;  at  Ihe  same  time  tl»e 
elocl  bocomes  hot.  and  if  the  stone  is  dry,  we  see  a  shower  of 
spnrks  fly  oS,  visibly  ezhibilin);  the  transfoimation  of  tbs 
energy  of  motion  into  heat 

But  if  we  cover  the  edge  of  our  grindstono  wilh  certain  sab- 
stABoes,  ^ttapeiv^ha  for  instanco,  and  establish  certain  other 
conditions,  we  obtain  s  very  different  insult ;  iuKtcad  of  heat 
we  develop  electricity.  When  wo  nuk,  whence  docs  this 
uk'Ctricity  como?  the  doctrinw  I  «m  sotting  forth  teach  that 
it  is  like  brnt,  the  rexnlt  of  the  convcroign  of  inoohwiicBl  motion 
into  molisniliir  motion— thnt  which  of  thcMO  forcMM  wo  obtAm 
deponds  u|ii>ii  the  (conditions  to  whii^h  wn  i>xriiiN(!  the  moleculoa, 
Mia  furtliiT,  that  an  soon  as  we  idlow  t)io  ele(!trii;ity  to  act,  it 
either  gcnorutAK  limit,  a^  we  svu  by  tlie  spark,  or  elm  doc«  some 
work  which  re]>re«eut«  the  heat. 

34.  This  doveloiniiont  of  eieotrjoity  by  frietion  wiu*  objon'od 
in  early  day«,  and  we  derive  the  name  itself  from  clcptron,  tho 
Greek  name  fur  aiubor;  the  tiubiiUuioe  by  which  the  pfao- 
nomenoti  of  attraction  after  ftlutlou  was  first  tuaiiifeated.  In 
later  times  it  was  found  that  many  subntftucL-s  iminmns  this 
property,  and  such  were  called  "eleotrio*,"  and  tlioou  bodies 
which  do  not  appear  to  possess  it,  "  non-elcotrioa,"  ITie  dia- 
tinotion  is  more  apparent  than  real;  for  uuder  certain  ctai- 
ditiouH,  both  classes  develop  electricity  under  friolion,  the  tnie 
cause  of  tbo  difference  being  tho  different  power  of  substanoea 
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to  conduct  eloeirioity,  on  whioh  property  is  boaod  anotb«r 
clanifioation  into  OMxIaotora  And  Don-oomiuftoM.  But  ban 
again.  iooroMwd  knowlodge  luw  ghown  that  no  ouch  broad 
dofiuitioa  oan  bo  *ii«taiaed,  tbo  dt»linction  being  one  of  ilogroo 
only,  not  of  cwwntial  property.  All  EiibstanOM  an  eleotrioa, 
and  all  condnctor*,  tfaongh  eom«  omilnct  very  BltKhtly. 
Faradnr,  fimting  that  condnctioD  wan  uflt^tvil  by  "  induciiou  *' 
of  polarity  from  molooiilo  to  moleculo.  iiitrnducod  tho  terra 
dieUftrie,  whiob  in  oonunonly  iMod  now  in  tli«  miiuo  of  a  body 
vrbidi  tnnmit«  eleaLrio  ioduotion,  or  itanda  high  in  llio  ItaC 
of  elcvtrica. 

35.  Anolber  general  diHtinolion  may  bo  drawn  among  Iheaa 
■abrtanoea.  allfaougb  tke  Uaat  of  clumarcation  cannot  always  bo 
•xactly  defined. 

Conduebrrt  are  metah  (alaa  oarlMm  in  somo  form)  or  eabstanoeii 
of  wblofa  nietAls,  inctudmg  hydragva  aa  a  mvtal,  form  oqo  of 
tba  molecular  subdividiona  or  mhw. 

Didecltia  are  anliatancce  not  oonlalning  notaU  (oxoopt  hydro- 
gen, which  in  them  doea  not  replaoe  a  metal  or  form  a  MCpantto 
constituent)  and  whose  roolecolar  oonatitnttoii  ia  coiuplox. 

Id  the  former  olaaa  l^leGtrtcity  ia  dynamie,  and  Uto  ftindaetivt 
eirenit  is  eet  np:  in  tbe  latter  the  ttalic  pltisnoinona  aro  do* 
Tcloped,  and  tbe  circnit  ifl  inducfiV. 

16.  Static  EuKinicmr  is  however  a  miKiinmtir :  it  hnii  no 
existooce :  the  pheooiaena  are  due  to  Btatiu  HtraiiiH,  t>iit  thoro 
ia  alwaya  a  gndoal  lou.  calleid  leakage,  vrliioU  is  tliu  narront 
dae  to  the  conductivity  of  all  oircuiia;  and  every  motion  not 
up  by  Bo-called  *'  atatio"  electricity  implies  a  traiiefi-r  of  ooerjiy 
oocorriog  in  a  Geld  of  force,  sot  iip  in  the  form  of  atruiua  in 
tbe  particular  '^indaclivo  drcnit"  in  which  Uie  motiona  oocnr. 

27.  We  mny  now  nam  to  oxpcrimenta,  from  which  alone 
Imoirlodgo  is  to  bo  obtaim-d,  and  I  Bhail  indicato  §ndi  vimplu 
forms  of  iniitnimvntN  ajt  any  one  cun  obtain  or  make  for  tbcm- 
•olreii,  Imt  which  will  go  far  to  domoiistrato  principle*.  Tho 
first  thinga  nuedod  ore  a  ainirco  of  electricity,  an  indinutor  of 
ita  pruaenoa,  and  the  moanii  of  colleoting  it  and  I'XHuiiuiug  its 
■ctioni. 

If  wo  take  a  atlck  of  aealing>vras,  or  a  rod  of  ginsa,  in  one 
hand,  and  rub  it  with  a  pi«co  of  dry  oluth  or  fur,  we  have  the 
fiudameotal  experiment  from  which  eleotrioal  scieace  grew,  for 
«e  fnd  that  we  have  developed  a  foroe  npon,  or  induced  a  oun- 
dUioD  in.  tba  rod  which  enaUea  it  to  attract  and  re|>ol  light 
■mbstaaoea,  and  tltc  aama  eAbot  may  be  prodaced  by  rubbing  a 
nloatilte  eomb  on  tbe  tleere  of  a  ooat. 

If  we  examine  the  conditions  of  this  experiment  by  the  Ut^ht 
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of  advanced  knowledge,  we  find  they  oonaiat  in  the  presenoe  of 
(i)  u  dielwlrio  in  cotitnot  with  (i)  the  ooudactiu>;  body  of  tho 
o^rator:  (j)  aiiolhor  oleclrio  in  aimil&r  oontAot;  (4)  iDechn- 
meal  motion,  or  friotiow  of  the  two  eleclrica ;  (that  is,  a  anpply 
of  enerp^) ;  and  (^)  eoparatioo  of  tliom  when  the  frictiun 
U  ended.  I'heso  txinditiona  inclnde  evciy  instnimeDt  devised 
for  developin):;  olectrioity  by  frictioo.  Mid  tfa«y  may  bo  applied 
in  the  Hinipiist  form. 

38.  The  KM!CTii0l<it0itt7S. — This  is  the  sirogdeitt  Borneo  of  eleo- 
tricity  no»t  to  tho  mero  rwl ;  it  hiw  maiiy  formn,  bnl  il»  prin- 
ciploH  am  tho  siuno  m  tliat  of  thn  nibbed  rod.  A  oommnn  fonu 
oonNi«l«  of  a  circular  tin  dixh  filltid  witJi  iialphnr  i>r  any  rrxio* 
oiu  Hubiitaiiw.  A  obfiip  e1(^ctrio  iniiy  ha  inaclo  with  8  piirta  of 
i»«tn,  I  of  nhiilliiu,  and  i  of  Veiiiiw  tur|it?iilinu(ir  wm,  well  ineltt«l 
togi^ttinr  and  run  into  the  dish  ;  a  liouk  is  soldered  to  tltu  diiih, 
fiir  (HinvunieiiOii  uf  attachiuK  a  conductor.  The  diah  forma  the 
oondoutor  from  tlie  dielt'olrio  to  tho  eatth,  as  the  books  t«ll  aa, 
but  really  to  the  body  of  the  operator,  who  rubs  the  face  of  the 
disc  witii  ft  picco  of  tiaonel  or  fnr,  or  a  silk  pad  oorerod  with 
elcctrio  nmalgaiu.  A  mcnna  of  colleoling  the  el<!Ctricity  from 
the  anrface  is  now  reqnirod.  and  this  is  the  cover,  consiatinf;  of 
a  piece  of  sheet  metal,  or  sinoolh  wood  covered  with  tinfoil,  and 
hayin}:;  &  handle  of  giana  or  well-baked  and  varnished  wood. 

A  disc  of  sheet  elionite  coated  on  one  aido  with  tinfoil  forms 
an  cKcoIIent  eloctrophorous. 

20.  It  is  desirable  h«r«  to  ramark  that  glaas.  tboagh  ona  of 
tho  U«t  non-condnctors,  condenses  moistnrc  on  it«  imrlAce,  and 
becomes  a  conductor.  Therefore,  those  parta  of  electrical 
inMtrumcnbt  which  aro  made  of  glass,  should,  whore  poiwible, 
bo  oovcri^d  with  a  vumiJih  which  hns  Irwt  attnotion  for  mois- 
ture, Thi»  iij>]dicB  to  thn  hitiKllci  of  tho  elcotrophorua  oovor. 
Ii;gii  of  iiiKiilutiDg  iijtjiiirntiiH,  in.'nkN  of  Lvydi-u  jant.  and  lliuoc 
parta  of  eleolrioul  muchines  whioh  hari!  uot  to  bo  rubbed.  Tho 
rnrtiiali  should  Iw  iuoderat<dy  thin,  so  as  to  require  ^everiJ 
oiiiits.  nttber  than  one  of  a  thick  varnish ;  1  lb.  of  abellac,  dia- 
Rolved  in  I  piut  of  polisher's  finish,  fomia  a  ton^h  cobardnt 
Burraoo,  and  adberea  stronfjly  if  tho  glass  bo  wanned  befoire 
applying  it. 

klionite  also  reqnires  aimilnr  treatment  owing  to  tho  form*- 
lion  iif  ail  ndd  upon  it :  melted  paraffin  ta  usefiil  as  a  ooatilif; 
nibbiMl  Dvcr  olionito. 

Thfl  bort  moil"  "f  onimring  perfect  insulation  is  a  modi6oat!on 
of  Juhnwm  and  Phillin'M  liquid  insulator,  as  made  f^r  telegraph 
liiHMi,  and  alshi  in  tho  fiirm  of  iwt  or  stands  for  Imttcrice.  Trie 
■t«m  of  a  aupport,  such  ua  Pig.  £,  instead  of  beiug  fixed  to  a 
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stasia  *I>oo|il  ho  InKiUfA  in  *  glikw  tiilM  which  cut  oonlaiii  ui 
inHtiUting  liqnii],  n-ciKting  the  ilepoMit  of  moinlnrp:  pnm  rcnn 
ml  in  fiiiiD'l  to  bo  prrfnctly  ft(lapt«d  to  thin  pnrpcvo,  uid  not 
Toliitilu;  ft  ubiftltl  Kliiiuld  bo  pr[ivi<Ii)d  tti  Icroi)  ilirt  out. 

Alva  in  elis^riisil  vxiwrlmontti,  it  ix  (l<«irnbIo  to  waitd  thti 
•BnaratUN,  aaA  to  work  in  dry  ftod  modenfatly  warm  nir. 
Vlma  the  air  in  moiMt,  wonoM  ■•  acarooljr  to  be  nttainod.  MotMt 
air  ia,  bomvor,  nut  a  oonduotor,  an  haa  Ions  be«n  bdierod  :  it 
is  the  d«poaiit  of  moutnre  on  aar&oca  which  cansce  loaa  of 
•teolrio  charge. 

)0.  Klbctbosoofo  arc  iiurtrttmonla  for  manifesting  the  jm- 
M9ioe  of  eleetricitv.  An  imitmincnt  n(]a[>lo<1  to  varied  <<xpori> 
uenta  Is  deMnibml  |  j},  but  Fig.  6  is  the  nimplcsi  forni,  Wing  a 
idaaa  rod  mouoted  on  a  Htand,  and  Irani  at  tho  top  into  a  hwk, 
mm  which  hang,  hj  nik  thni^  or  lutir,  ann  or  two  i>ith  lialls. 
Tig.  7  is  a  nioru  cUlxiratu  iiintninient ;  it  in  a  gbmi  iioiile;  on 
opposite  Gidea  of  the  tuDur  snrfaou  arc  pnatcd  KirilM  of  tinfoil, 
which  are  continued  to  the  oataido  and  to  a  hnuin  ring  litt«d 
with  •  hook  for  oondnotnn.  Through  the  oork  pamra  a  brass 
talM,  oloMd  at  tb«  bottom,  to  which  arc  lixod  two  strips  of  gold- 
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leaf.  The  bottle  ahovld  be  well  dried  nnd  wamio<l,  and  tho 
cwk  cemented  in  and  ooated  witL  nhelbic  varnish  ;  when  tho 
loCMo  fittings  e  or  jr  (Fig.  8)  arc  inaerted,  it  ia  a  sitnpln  Kold-loaf 
alectroeoepe ;  /  is  a  metaJ  plate  ooverod  with  a  ooatjog  of 
ahellao  on  its  npper  face,  and  wht'u  thia  is  fittml  to  the  instru- 
meat  and  an  exactly  similar  iilato  with  nn  insnlatinc  handle 
place>l  npOQ  it,  we  have  a  oonaensing  olwtroooope.  Tim  lower 
plate  is  connected  to  the  source  and  tho  top  of  the  npiwr  plate 
toadied  with  a  oondoctor  to  ■'  earth,"  snoh  aa  tho  finger,  jost  as 
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in  using  the  cU'ctroplioniB  iini}  fiir  Kiniiliir  mnficins:  on  remorsl 
of  this  cwnilnct.or  ntid  tbeu  tlie  nppcr  plalv,  n  fur  greater  diver- 
grmce  of  the  leiivcH  is  prodnooii  ttiwi  if  tlio  HOtiroo  had  becui 
connected  to  tbem  ilirooUy. 

3 1 .  Connecteil  as  described,  the  loaTca  exlubit  tbe  Bame  eleiy 
tricit.y  us  tlio  source ;  tlio  s»iii<i  KfTiict  in  proiliiRnd  if  the  upper 
pliito  is  oDnr)ootnd  to  the  a»uroo,  but  tlidn  tbu  luavtuj  exhibit  the 
opposite  condition.  Tlie  leavca  diverge  uHlcu  for  pogitivo  or 
nrgiitive  cliargoit,  but  the  uutnre  of  the  ohnrgo  in  roiidily  ttsoei^ 
taiaed  by  rubbing  a  piece  of  elionite,  and  approaching  it  to  tJie 
inatrtmient ;  if  this  is  charged  with  -{•.  the  Iwives  fall  together ; 
if  with  —  the  divia^noe  increases ;  both  effects  are  temporary, 
•nd  cea»6  whou  the  ebonite  is  withdrawn ;  with  excited  glsM 
the  actiou  would  be  reversed,  A  similar  process  is  tisefal  in 
tattling  feeble  charges ;  if  tbo  electroscope  is  ohargcil  alightlj 
with  +  electricity,  when  approached  by  a  +  charged  body  tlw 
leaves  will  incrcaso  in  divergence;  on  approaching  a  —  body 
thoy  will  collapse. 

'I'hcBO  instrtimcnts  only  indicate  the  presence  of  electricity ; 
to  monenro  it  eloctromotcrs  arc  employed  as  described  S  74. 

32.  One  of  our  standard  electrical  works  says  (and  it  Li  jiut 
what  all  say),  "  Vilreoiu  siibstances,  such  as  glass,  become  deo- 
trical  by  being  mbbod  with  certain  other  «ubatancea ;  iu  thia 
state  they  attra«t  light  bodies.  ICegittout  Bubstanc<.-8,  such  on 
e«aling-wai  and  guttapercha,  become  also  electrical  when 
mbbed  with  certain  other  Bnbstances;  in  this  state  tliey  alM> 
attract  light  BiibslADCCs.  Itodics  which  have  lietn  once  attracted 
by  excited  gtnes  or  oxcite<l  resin  will  not  be  attracted  by  the 
same  Rulmtdiico  again  until  they  have  knuhcd  some  body  in 
iiiniinnniciitiun  with  the  earth,  bat  will  bo  repelled.  A  body 
which,  haring  IM^<ln  attnu!t<Kl  by  an  excited  mtrentit  substAnoe 
and  in  then  repelled  by  it,  ik  allraririi  by  an  oxciteil  rrfinout  sub- 
stance ;  so  aino  a  body  which  in  rcpi!lio<l  by  an  excited  reMiioag 
sulnlunce  is  attracted  by  an  oxiiteti  eitreowi  Hti balance." 

Thetie  statements  are  received  uit  abiu'liile  truth  by  moKt  oloc- 
trioians,  and  upon  them  the  fluid  thwiriea  of  ch-irlrii-'itv  aro 
baaed;  and  yt't  there  is  scarcely  a  truth  in  tlicm  which  tH  not 
overweighted  by  an  error,  and  the  ttiinplcst  facta  are  iniaiuter- 
preted." 

*  Om  i^  tb«  critirt  of  the  Grrt  nlltlon  or  thii  vork  ttid,  (ii  ta  IhFi  tutimgnl, 
that  ha  wu  ont  xmrr  '■  that  tha  iiillicir  hid  don*  •tt^thlnc  to  prov*  ihftt  ha  b 
■bl*  to  ril  in  jiKlemmt  on  the  inliOli'dniiI  glantii  «moD|  modtrn  mrn  of  (clailc*. 
Mere  flff-himd  cnndpmnnlion  of  lh«  Inbcrimt  work  of  tonii  likn  Sir  W.  Thnminn 
mi  Pref.  Cltik  Wnnifli  .■innul  f..r  cm*  mntnnnt  b»  Inltr.tlwl."  Thi«ii  Piiiin*nt 
wrilttt  wcrt  nslther  condiinia*il    dot  nunod,  nod  •dtDco  wonld   noA*   pooc 
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3],  £«t  lu  euunine  this  matter  of  atbnction  uxi  repalmoa, 
fcgr  tbe  ftiJ  of  the  nmplttt  oiperimeaU.  Our  Titieoun  mh- 
■(aoce  niA}-  bo  a  piece  of  stout  elus  tulv,  und  oar  roainoim 
mbstADOu  II  jiiooo  OJ  ebouito  ;  tho  back  of  a  oomb  will  do,  <tr  u 
slip  cut  oat  of  a  thick  afaeot  A  siik  hutdlceruluu^  gr  m  piece  of 
Aannol  will  Berv«  as  exoiler. 

A  coQveui«ut  elaotroHoofw  eoata»bi  of  r  tube  of  glaw  iipoa  a 
foot ;  in  the  tube  ie  iiUoed  a  biasH  rod  with  a  tube  acn«8  it« 
tip{Mr  end,  in  which  alidee  a  wire,  ooo  oud  finished  with  a  Inmp 
of  KOitaiKffoha  or  gUaa  bead,  and  the  other  with  a  hook,  for  tho 
piu  ball  or  balls.  Ijet  a  pith  bill  be  eospended  bj  a  <lry  hair 
or  ailk  fibre,  and  tho  cxdted  olectrio  be  presented;  tlio  bi^ 
will  be  first  strongly  altmct«d,  and  then  st<>adily  repelled  ;  but 
if  an  pxcitci)  oloctrtc  of  tbe  opposite  order  be  piwsnted  it  will 
attract  tho  ball,  and  tbflii,  if  capable  of  rvnadag  its  charge, 
will  repel  it.  Heaoe  it  is  stated,  aa  a  faadamental  Inw,  that 
bodies  aimilarly  electrified  ropol  cacb  other,  lehieh  it  not  true, 
00  atatad.  If  an  excited  oloctrio  bo  plaovd  apart  from  nil 
nuTOODding  bodior,  in  a  dusty  atioospbtire  and  in  a  boam  of 
light,  it  will  bu  Kuen  to  attract  die  Boating  partialis  and  hold 
them  witlictit  at  nil  ivmIIih^  thorn  aftor  contact.  If  the 
mppoaed  rvpulaion  na\ly  oxiittvd,  it  is  obvious  that  those 
booiMi  whtdi  aro  of  oooreo  similarly  uloctrifiud  by  contact  with 
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E'DcipUi  adranui  bj  wif  out,  bonTH  tnineaL  IIowuvi:!,  Clcdi  Maiwall,  la 
pqUhiiatOu*  yntk,  pt\iiijt»i  Id  ISHI,  ihairt  U>*t  h*  wu  Kmluiilljr  aluiaJuuai 
IW  (cbolwUo  tlnorr  ot  ilcctricilr,  ud  weald  apparantl)'  is  dm  tioiB  hnv* 
■dopt«d  tbt  TtfT  doctriDM  Usfht  Id  than  pMt<*-  '^  >>ta  pnrncB  b*  <a]r*,  *■  ID  th* 
Icmr  tnkllM,  I  MoutioMi  dim*  uh  uf  nicthuiU  which  I  da  Dot  think  th*  but 
m  faiMiMiiia.  bnt  witboot  whiuh  tli*  iludaDt  odooI  follow  thu  iDimiij;nii<>n>  uf 
tb«  liwaim  of  tbt  mstbiniUieal  tbtor;  of  clKli'loitf.  ]  bitn  iiinog  liiga:i>iii« 
mm  coftnooid  oflbc  luimriuritf  of  mtUicidi  tius  to  th«t  «f  Firxlay,  aoil  hiro 
tJmtttm  tdapt«d  tiwm  aoia  tbi  lint."  Tho  tbear/  adTouitod  ja  theis  ilea  ii 
tbt  iiftn  oatcMM  vf  Pindar's  iaraligitioiks  ud  UMhiogi,  and  it«  metliud  uf 
lislltai  iiiiMlliim  l«  Natun,  loilead  of  onatlDe  bd  utiticml  oincli  Itoid  uuiht- 
aMtcu  AitraeHias  b  that  of  FartiJaj,  wbo  ntnr  tioubltd  blmBell'  aa  ta  tlioio 
fanDsla  vUtk,  u  ha  aald,  won  tb«  alTur  ot  Iba  tDathtmatlcUoa.  Now  what 
i>7*  Clark  Il8xa«11,  *>  la  tba  oiattuiiiftti  ut  ap  bf  alactrlclly  i  lit  dcicribci 
tli*  altMHc  B*U,  ia  which  ar*  linn  of  fore*,  wita  •&  atrvlruwuliva  tare*  ai:tini( 
Id  aao  dirtrtioD  atoDg  tboM  linca;  apmttng  at  *  tui[i«iiiliid  pilh  li.iil,  h«  mj-i,  "  it 
will  moTo  anltr  tb*  actkia  of  a  dsw  ftri-a,  dvYtkijicd  br  llx  ]ictiaa  ef  Ibo  (tfu- 
tniicd  ball  CD  tho  doolrio  oooditiaa  of  tho  liold."  "  If  the  oh&r^o  ii  potnirr,  tb* 
£>m  which  DcU  ia  tiw  ball  1>  od  tha  wbolo  /ram  ths  poattiTeU  tlcotii&cd  bndf 
•ad  tMMfldi  Iha  BanUnlf  dactrillod  waUi  of  ths  rnoia."  tUn  w<  hnvx  no 
«wd  aboBt  a  tvmUon  balwMD  the  aimllar  dutrldtlvi ;  the  ciiilanaiioa  of 
n^btsB  iDd  of  llu  |«rt  plartd  bf  tha  ooaiwcUan  to  "  oartb  "  are  idistliml  with 
th*  Ttrw*  brr*  aiplaiDad,  whicb  an  biia|[  nor*  and  mar*  aJaptcd  bj  eleotriciaai 
imI  ai»  taught  by  tho**  wba  luvi  to  ojijhw*  Ihrm. 


33  STATIO  OK   tnilCTlOHAL  KLKM-ltlOITT.  [54. 

the  electric,  eonld  not  be  held  firmly  to  it.  In  fact,  the  re- 
pnlsiuD  U  only  apparont,  tho  real  couho  of  the  motion  is  to  bu 
found  iu  tbu  attraction  sKorted  by  the  Hurrounding  bodies,  m 
ivill  be  fully  explained  aa  ^Q  proceed. 

Experimeuts  on  altractioD  and  ropnlsion  an  endlttM  la 
variety  and  iuter««t,  but  thoy  will  not  bo  described  Itere,  be- 
cttuao  tli«y  aro  to  bo  found  in  moNt  toxt-book»,  and  bL-c&UM  it 
is  not  tlio  piir[>o)ii»  of  thix  work  to  go  further  into  the  subject 
of  static  <ili-«tniity  thiin  in  uiscmimry  for  tho  sxaniiDAtion  of 
its  leading  principlctt ;  thom^  who  winh  to  ntudy  it  tliorou);hly 
can  follow  tho  Bmullijr  wyik  of  Clurk  Miiiwrcll,  litariuj;  in 
mind  thitt  mnny  of  IiIh  oxjilaimtioiia  were  writtou  while  hts 
mind  w<iS  io  a  etttto  uf  IninMliim.  A  more  exhaustive  study 
of  the  Bubjeot  will  Im  fuiiiid  in  *  Acctimulution  and  Oonduotioil 
of  Kloctricily,"  by  F.  0.  Wi-bb,  a  wurk  little  known  becaoso  • 
full  gvnerntidn  aliuud  of  itn  diitu  uf  publiinititm. 

u.  Bufore  entering  ujxm  tlio  variouH  thiK^rios  oT  tho  nature 
of  iMoctrioity,  it  should  be  uut<.-d  that  the  common  t«rmB  of 
elvctrical  science  have  grown  op  from  the  ulder  thoorioS)  and 
hcnoa  we  have 


Positive  >  and  |  Negailve 


Eleolridty. 
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Also  the  words  ctiar^  quantity,  oondnotion,  aooumuhition,  and 
dtstributioii,  which  iinplv  the  passage  of  something  luiving  a 
real  sepurittu  exitituuoo ;  llitau  and  siuiilar  terma  we  uro  ubiigod 
■Ull  to  use,  but  tho  uicuuiiixH  they  convey  in  this  wink  will 
be  defiued.  Tho  hint  terms  aud  their  signs  will  he  tlnam  used, 
as  they  sru  gcuemlly  known,  but  they  will  uut  be  used  as 
implying  an  excess  or  defidcnoy  of  a  fluid,  but  us  exprasing 
opposite  polarities  of  matter. 

j5.  The  Two-Fi-pid  Theobt. — When  it  was  found  tliat  tho 
electrio  excitoment  pi-uduoed  on  gliiaa  was  opijoeite  in  its  iiuturu 
ta  thiit  on  auiber  and  reciiiis,  the  earlier  experimeut«iii  oon- 
cludtMl  Uiat  thoru  were  two  "fluids"  pervading  matter;  that 
each  of  these  fluidii  exerted  a  strongly  repulsive  HCtiun  on  ita 
own  parts  or  bodies  charged  with  itfiulf.  but  that  each  fluid  hoA 
a  strong  attraction  iJL>r  the  otbcr,  and  both  a  sti-oug  utlraotiou 
for  ordinary  matter;  also,  that  in  the  ordinary  condition  of 
matter,  tho  two  fluids  were  united  in  eqnal  prupurlious,  being 
thus  nvutrali«ed  and  adherent  to  matter.  Some  lutvo  nupnoaed 
that  the  twn  fluids  when  thus  uuil«d  constituted  anuther  hy{io- 
thotical  fluid,  caloric,  or  heat. 
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It  whc  flnppowid  that  ny  fnction  of  boiuo  snbetuices,  thcaoe 
called  olflotrioM,  tbo»a  t\ro  fluids  ivero  Bfparittc<l,  the  otio  reiniiiti- 
iof;  OD  the  BorfiuM  of  the  eleotric,  th«  other  on  the  rnblwr.  iind 
that,  fiom  these,  oithor  could  bo  tntDsfonwl  to  insnlatvl  bvilioa, 
thftt  is,  to  rabetuKX*  which  fnmishod  no  pathway  aloD};  which 
the  diranilod  flaid«  cnnld  find  ■  wmj  to  tho  roitnion  ioteneoly 
MOght  hy  both.  IK-iiue,  whun  a  fliargc^l  hody  or  an  excited 
elociric  is  preeented  to  a  U|;ht  luovublu  body,  tho  laltor  is  druwu 
towarda  it  by  the  attnotiou  of  tbu  fluid  for  maltvi' ;  ng  eoon  aa 
tb»  cluirK«  i^  Mjually  divided,  the  aelf-ropnlaivo  pruporty  of  the 
fluid  cau!K«  the  bodie*  to  repel  each  other :  uid  thvn  if  r  body 
aimilarly  eliarped  with  the  other  fluid  is  within  i««cb.  attmction 
oocure,  tho  fluids  reooito,  with  a  sjiark  if  tho  qumitily  uiul 
taiuiioo  arc  groat,  uid  remme  their  oaoal  oontral  alate.  But  if 
there  is  no  sTich  (q>^NWtelyGliareed  body  aoooesiblo,  any  body  iu 
coodacting  oonnocUon  with  (ho  earth  will  onitblo  tho  cliarge  tu 
diasipate  itadF^  u  aoinu  any,  liocaasD  tho  oarth  iaa  oomporatively 
iDfimlo  rocorroir  of  Iwth  fluida,  but  mora  Mtniily  and  tnoto  in 
aoooidaooo  with  tho  theory  itwilf,  bo(!«usti  it  praMcnta  iin  uii- 
iLEoitod  sorfaoe  and  body  of  matter ;  and  tho  fluid  diHtril'iiting 
itaelf  over  all  eorfacea  and  mattor  t*^  which  it  liaa  a  mndncting 
path,  the  charge,  which  la  groat  upon  tho  «ual]  «nrfaco  of  tho 
eleotriGod  body,  beoomoa  nothing  when  it  haa  tho  whole  oarth 
to  spre«d  itself  over.  Thia  hyjiotheais  wau  built  upon  the 
pbeuotsena  of  firictional  eleotricity,  and  of  thcM  it  farDiKhea  a 
moderately  aatiafkctory  oxplMiatJoD. 

jS.  TiiB  Ose-Floih  Thsory  waa  dOTiscd  by  Franklin,  as 
mon  aimple  than  the  other,  Ue  snppowid  that  thuro  wan  onu 
electric  fluid  pervading  alt  matter,  poeseeaiuK  a  strong  attno- 
tion  for  matter,  but  boing  stront;ly  self-repolnTe :  matter  in  it« 
oidiDary  atiito  haa  in  connection  wttli  it  so  much  fluid  as  satis- 
fies the  motnal  attnotions,  but  wh«n  oertain  bodios  (oluotrics) 
nn  mbbvd,  hoduu  nlmoTb  tiHrt  of  the  electricity  from  the  rubber, 
and  thus  livoumo  jwriliwly  charged  with  this  overplus;  otliCTS 
ptft  with  tJieir  projw  ^ootricity  to  tho  rubber,  and  thus  remain 
tlMmaelvca  nttjalitilt/  charged.  As  with  tho  othi^-r  theory,  tho 
earth  k  supposed  to  reoeivo  tho  ck-otricity  driveu  oS,  or  to 
supply  any  qoantity  of  it  when  noodod.  This  theory  also 
vipUius  the  ordinary  pbenomona  of  stalio  oleolrioity,  and  oii  it 
B«miLiiiS  built  his  jjectro-ohomioal  theory,  which  rolod  chemical 
scjence  for  many  years,  treatinK  the  relalire  afliniticw  of  diffcrtut 
•abstuaccs  as  doe  to  tho  ro&tivo  proportions  of  oloctncily 

beloDging  to  them.  .,.,-. 

n.  Those  thooric*  were  devised  whon  only  the  staUo  pheno- 
mena of  oloctri<aty  were  known  ;  bnt.  wiien  dyn-iuic  electricity 
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wiw  <Iiiico*ered  by  Galvani  and  Volta,  il  wub  foiiiiil  that  they 
fuilod  more  and  moie  to  explain  tbo  new  fm-'Ui.  But,  livuu  if 
thi-y  funiinh  a  sort  of  oxplnnntion  of  the  siiuplur  stalio  pheno- 
uiuua,  a  alight  oz&minntioii  will  ahciw  the  utl«r  improk'ibility 
of  the  "fluid"  esplanstiun  of  ovua  Ihceo,  The  fliiidn  have  a 
strong  attracition  for  codi  otlier  nn<)  for  iuatt«r,  yet  tho  rubbin); 
of  two  subsijiiicca  together  is  anfilcient  to  eopnrato  tho  Hiiide 
from  each  other,  luid  from  tho  miitU>r  wiih  which  they  ars  in 
qniot  wnion.  They  have  a  strong  ropiih-ion  for  theniBelveB,  yot 
in  ni]diti(iii  to  ovurtHimiug  these  attractions,  we  oaaily  culloot 
tlieao  stlf-rejmlnivo  fluids  into  scparatfl  rcsurrwirB.  At  th« 
inslaut  vt  dciing  so  these  n-'aervoirs  are  in  actual  oontaet,  yot 
the  fluidM  do  not  reunite  thcn\  though  they  will  do  bo  with 
great  violence  wheu  a^jain  brought  into  tompwhut  near  neigh- 
bourhood, and  travel  any  distance  to  get  ihe  o| -port unity.  In 
fact,  at  the  point  of  origin  tho  diitde  muet  a<;tuuUy  tntiiBfurm 
their  mutual  attractions  into  repalBione.  Looked  at  tliUH,  it  ia 
obvions  thAt  Biich  thL-oriea  could  only  have  )n.-on  formed  lit  th' 
dotcrmtnntiou  to  make  eome  kind  of  explanation  of  alrilUF 
phenomena  newly  di»covered,  and  that  they  have  held  th 
gtouud  Himpiy  from  habit  aud  the  gradual  trniuine  of  ev 
one's  miud  to  study  the  phenomena  only  by  moans  of  tliem 

)3.  TiiK  Molecular  Tiieouy  was  founded  by  Faraduy  i* 
mcraomblo  experiments  on  induction,  but  it  hns  since  ' 
with  tho  growth  of  tho  other  sciences ;  it  is  a  eei^uence 
now  Hcppptcii  doctrine  of  lieat  being  motion,  and  is  int 
cviineetc!   witli  tho  modern  doctrines  of  chemistry. 
■t«tc<l  it  ix,  tliut  electricity  has  no  existence  as  an  enlilr 
phcnumima  are  iltio  to  propertiiM  and  molions  of  tho 
of  mutter.     Of  lute  tliere  hiua  been  a  tendency  to  nt' 
aetiuus  of  electricity  to  nioticins  of  the  euppusud  eth' 
whioh  is  coiiaiderL'd  to  lie  in  some  way  oonden«( 
molecules:    ihis  idea  is  luiturally  must  favoured  1 
tioians,  and  to  all  but  trained  uiathL-matical  minds 
incomiiroheneible,  and  appeaia  only  a  modificatiot 
fluid  theory :  if  the  ether  is  so  condensed,  it  beco 
the  molecule  and  the  cause  of  its  actions,  and  the' 
proceed  to  treat  the  molecules  of  matter  as  pu* 
propertiee  now  to  be  studied,  leaviDg  in  suapenw 
prt«ent  knowledge,  the  caofie  of  those  properticr 

30.  Our  formor  consideration  of  the  molocr 
to   it*  chemical  congtitntioD.     Wo  hnvo  now 
fhijncal  character,  tntemaf,  hb  rcgnnli!  the  ir 
ten(<e  and  breaking  ii]>,  am)  exUmnl,  as  to 
mid  rohilionit  to  other  muleeules ;  and  we  hi 
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n  body  oomponotl  of  twv  distinct  juirtH  linked  tocottier,  but 
uviiug  also  AM  n  whulu  fmni  n  comiiwii  centre.  lytidaH'e  words 
when  dcRcribitif;  thu  ootiooB  of  1iebt,hukt,nod  [iiOMiuroongtuses, 
OOOToy  thu  idva  Toiy  fully  ; — "  MotuoiiW  do  H|HLrtitu  from  oacJi 
other  wIkid  thu  exU-niiU  pnMiiiTU  ia  liMtenitd  i>r  rcniorixl,  but 
tho  ntoniH  do  not.  The  ittLHuu  of  tliiii  «lubility  ia  that  two 
fbroOK— the  ono  attractirc,  and  tJiu  oUicr  rupuUivo— arc  in 
apcraliou  between  ovciy  two  atom«,  uad  the  ini(iiti<iii  wf  every 
atom — its  diBtnnco  from  ito  fellow — is  detvriuiui-it  by  tbc  wiiiilf 
br&tion  of  thc«o  forcce,"  *'The  point  at  which  uttracliou  and 
r«pubiion  »rD  ctjiitkl  to  eneh  othoi'  ia  tho  nloiu's  jiogilton  o/et/uiti' 
bnum.  If  not  ■timi.ilutcl)'  culd — and  ihoro  ia  uu  such  thiUK  us 
fttwolutc  coIdiicM  in  our  coriicir  nf  tiattirv — the  atouu>  are  always 
in  a  Mtatu  of  ribratloii,  tlieir  vibmtiuna  being  oxocutod  across 
tbdr  poftiUons  uf  equiltbriuui." 

Tho  idea  of  a  rupultiivo  foroo  in  now  Rnb«tttut«<)  1^  that  of 
potential  energy,  as  iuteiiiiil  nioticm,  but  tbis  duos  not  aflbct  the 
explaoution  iLat  the  iuteruul  uttractidiin  of  matter  draw  tho 
atoms  together ;  the  totix^n  of  bunt,  &a.,  m  niottoo,  tend  to 
Beptnt«  tliem;  uid  (the  molecule  buing  eonstitutvd  by  the 
iMlABOe  of  these  forcee)  additional  force  teiida  to  scpamte  the 
atom*,  and  break  np  too  molecule.  We  may  now  simplify  our 
conception  by  Fig,  9  a,  in  which  we 
repraaent  tho  two  halv(«  of  tho  molecule  ^°'  ^■ 

aaTitsatingonacontral  point, or  Tortical         JL 
Un«.  «-(*         ^C9 

Now  a  foroo  which  either  intonailiua        ^T 
tboee  oscilltitionB,  or  which  sets  np  a        J!^  ^^   _^ 
revolntion  of  ttie  entire  inoluoulu  on  th«      ^dV  C.9  CiV 
Mimo  centre  and  lino,  wcmtd  tend  to  altor  i 

the  mok'oulo  to  Fig.  9  6,  in  which  tlie    d0  l^^'^O  ^ 
internal    attniutioua  aru    wc-Hkc-iitx).     If 
we  now  conceive  a  line  of  suoh  mole- 

ouleci.  Fig.  9  c,  we  soo  that  there  must  come  a  tirao  when  the 
atoniio  attTacliotta  will  be  greatly  weukoiiod  internally  and 
partly  exeited  ou  the  correopondiug  or  eompliHnentary  parls  of 
neit;liboi]rin>;  molecules.  In  thiH  einto  the  aabatauoo  may  be 
said  to  bo  pulariteil  (9  1 5).  Tlio  degroe  of  this  tendency  would 
bo  called  its  tension,  being  ttiu  atrain  upon  tJio  attractive  forces  ; 
as  thiif  increases  there  comes  a  [leriod  whi-u  the  moleculew  broalc 
up  and  re-forni,  as  shown  in  Fig.  9  d.  This  will  be  a  diaoharge. 
Tiio  extreme  atoms  here  may  be  ooiiKidcrod  either  aa  forming 
parts  of  a  cjntinuod  chain,  or  ax  set  free. 

40.  Faraday's  theory  of  induction  by  pulariieation  of  adjacont 
moIecult«,  though  the  origin  of  this  oouovptlou,  is  very  difiereul 
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from  it;  bo  trvatotl  of  tho  iictiona  01  &  Dody  clarKt^  with  eloo- 
tricity,  uuil  it»  nimlc  of  actiun  uii  Barroundiujt  buitit<(i,  but  later 
iliaouvonuH  liav«  [l»v(.-1ui>ud  that  tlieory  of  the  effiKl  of  electridlf 
in  tbo  form  of  ohnrgu,  uibi  a  tiit<ory  uf  the  scurxw  or  couM of  eko 
trioily  itunlf;  wliiolj  luiiy  bu  tlius  dt-fiueii. 

Elcclriatl  aclimt  t»  dn-eUipcd  only  ichen  a  emiphle  chain  tf 
folariied  molecutea  can  be  fvrmcd.  Wlieii  that  chuUi  is  wholly 
oomjiOHod  of  coiidiictiti);  nlLlll>ct^lc^B,  dynamiQ  electricity  is  uumi- 
feeted  ;  when  partly  compocod  of  nou-coudiictisg  molcoolee,  vra 
have  static  electricity. 

41.  Wo  are  now  r«n<1y  to  ciamiiie  tae  conditions  nndvr 
which,  and  tho  roaHons  why,  friction  develops  ploctricity  ;  whon 
two  Boli<lB,  or  a  solid  and  a  liqiud,  are  ruhlicd  together,  olpctri> 
city  is  developed;  giiBCH  do  not  apiiiair  to  prcdiiM  thU  vfTcct, 
litit  wo  iiwyl  ftt.t<mil  now  only  Vi  the  faiiiiUar  i!h-i;tncul  pheno- 
mena. Wo  hum  hitherto  Ircatod  nhvia  an  becoming  piaitivo  by 
friction,  doTLdo[iing  vilrcuiiH  cltictrloity,  but  thitt  in  not  au  aba^ 
lutu  fact ;  if,  iusteud  of  a  piece  of  ailk  fur  a  rubber,  wt)  nao  a 

filooe  of  oat's-akiu,  tlie  gluHB  becume^B  nefs^ktive.  'J'lie  foUowine 
ist  (given  in  Ganot'a  '  Pliyaics ')  shows  tho  bodiee  whlc£ 
develop)  pcwitive  dcotrioity  in  thd  bi};hvr,  aod  negative  iu  Uio 
lower  IU  tho  IJBt,  whon  rubbud  together:— 

4-  Oit'Mkiii, 

lnorv, 

811k. 

Rntli-etyiMl. 

This  tiet  ithowH  that  the  nature  of  the  aubstaucea  iu  friotiiin 
g«ivcrns  the  rttsiilt,  and  probably  the  luofit cojnpk-te  exaiuiuatiim 
into  this  point  waa  luaoe  by  Couluinb.  whose  coucluHioua  wero, 
that  thoae  bodies  who§e  paita  are  least  diBtiirbed  by  tlie  friullun 
lend  til  be^"'omo  positive,  pnrticulnrly  if  coniprcsscil  ;  those  whiah 
ate  most  disturbed  bocmio  negative,  cepocinlly  if  dilated, 

43.  This  implic*  Unit  niulcvubir  diKturbanco  ia  the  origin  of 
thfi  uk-ctricity ;  and  the  ilcdiictioii  im  very  pigdn,  that  when  tvm 
diMiniikr  aubstancos  arc  rubbvd  togutlivr,  a  certain  amonut  of 
adhtidioti  is  prodnced,  which  ia  an  vxteriinl  attraction,  as  oohe- 
siou  is  an  internal  ono.  Thi»  nttrautiun  being  oppiiKod  to  tho 
natural  state  of  tho  bo(Hc«.  tends  to  draw  tlio  etiperiicial  molo- 
cults  away  from  their  oaighbourn ;  tliu  u]iiiosing  or  (Ximplomon- 
tary  halvca  of  those  tend  (o  nnitis  while  tut  iuloriiitl  atliuotioQ 
of  the  miiluoulu  in  wL-ukonod — they  are  pulariKi-d ;  Fig.  10 
convey*  au  idtui  of  thiti  (.'tfuot.  The  ^aperGoial  luoltH^ulcs  react 
on  their  nuighbourH;  and  a  cumploto  ehaJu  uf  excitud  polurixod 
moleoulos   ix  furinud,  along  which  is    tranafeiTod  the  energy 
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which  but  for  th«  rricUgn  would  havo  goiMiTatod  inoreaMd 
motion.  It  docs  so  ctill,  bat  if  thorc  bo  no  rceistanoo  It  pro- 
dtioes  thiit  wliicli  vro  sco  wid  famitiurly  oaU  muUon ;  if  taoro 
ta  rwiisloiioc,  wo  liavo  t.ho  motion 
timong  tho  m<)li!Ciil<!H,  n-hii;h  is  olijo- 
tricitf,  and  Uiih  agiiiu  uxlmtuita  iUolf 
in  tho  Tibntiona  of  beat. 

H«re  wo  have  »  tlieoij  whicli 
unites  Statio  and  Cyuunio  cloo- 
trimty,  and  ezplaiuH  aliko  tbo  ox- 
eitement  by  friction,  cliL-micul  sotion, 
and  heat.  All  call  into  aoUuu  the  latent  attraction  between 
what  for  oonTcnionco  we  may  call  the  -4-  and  —  atoms  of 
Aifftrtmt  tnoleculon,  wonkonine  the  ■\-  and  tlie  —  attjacticina 
willUu  the  molctniloe,  and  sotting  np  a  polar  chain  which  can 
transmit  onorgy  ontorJDg  it  at  the  point  of  origin,  which  tbua 
constitntos  a  soiiroo  of  uloctromotive  force. 

4}.  Now,  rclnming  to  Fig.  lo,  let  the  line  of  dots  e  r«pr«aetil 
tho  mol^Hmlar  chain,  variously  foroiod  to  convey  tbo  idoa  of  the 
diBbrcDt  BuhittiuiccK  wliich  may  uomposo  it.  When  wo  rab  the 
elwtrio  tlio  obaiii  in  f(;rmnd  through  tho  liody.  On  Kuponttinn 
it  oomplett-H  ilHuU  through  thu  air,  showing  tlio  ouo  hand 
holding  the  olcotiio  -f ,  imd  thu  otlior  baud  — .  Tho  air  Kimoo 
now  oouBtituttia  a  "  fitld  of  fofw,"  traversed  by  liuoit  of  loroo 
ctmncotitig  tho  borfacea  on  which  the  +  and  —  ulcvlricitioa 
apjicar  tu  uiiat.  A  pith  ball  or  nUier  body  approached  li>  cither 
of  thtse  nurfacet  bcoomea  part  uf  tliat  field,  ta  put  under  Ktnmi 
by  those  lines,  and  movoa  in  ubtHlienoo  to  the  eloutrouiutiro 
fiiroe,  prudnciug  the  various  phenomena  of  attraction  and  ajipa- 
rent  repulsion. 

A^,  The  fundamental  laws  thns  far  developed  are  :— 

fi)  EUclri/kd  tubiUtneft  allraet  nevlriU  »ubtlancf«,  and  then 
HMoer  certain  eondiliotu  rtfet  than.  They  do  so  by  pularixiu)^ 
their  molocutcB,  and  then,  if  the  electrified  body  bo  in  a  -4-  oon- 
dition,  attntctiug  tho  —  side  of  tbo  molecules. 

^2)  SabtUmft*  dittiinilarly  tUelri/ied  allraet  ea<h  olher.  I'hatia, 
boaio«,  tho  oxtomnl  moloculos  o!  which  prtwont,  ono  their  -}- 
oxtromitiofs  tho  other  thoir  —  cxtroniiti<«  to  each  other,  aro 
mutuallv  attracted  by  ontvring  a  lino  of  for<x>. 

(j)  St^ttajicci  timilarly  dwlrijUd  repel  aatA  other.  That  ia, 
tber«  is  no  sttraotion  botwcon  tho  two  molecule*  preeentinf; 
tbair  +  or  —  cxtremitiw  to  each  other,  and  thoy  bo  move  that 
thoy  may  enter  11  line  of  force  in  *ymmotrica]  polar  <Hiiler. 

TKi'HO  are  tho  ordinary  elvctrioul  law»  (for  a  acdratilia  law 
iiiorely   means  the   statoioeut  of  a   iialuml    fact),  interpreted 


» 


STATIC  OR  FRICriOSJLL  EUICTBICITV. 


kooonliuf;  to  th«  molecular  theory.  Thoir  full  mewiing  will  bd 
Lann  wLeu  th«  n&ture  of  tho  "inductivi;  cirmiit"  anil  tho  avtiua 
^a  field  of  electric  foroo  havo  bocn  Htiidkid.  f 

4J.  The  action  of  the  «li>ctroplio"i"  will  vsliiliit  many  of  tho 
principles  of  oIcctri«J  scicnco,  though  wo  imuuot  obtain  from 
it  i^y  viiry  etriking  cffocU  Iikn  iIjobh  of  jiOMurful  uimJiineB. 
A  very  convcniciut  and  Kimpto  fi>rni  couBJHta  of  &  glasit  and  aa 
obonilo  dine  (tho  ghuw  mi-mly  fur  noting  lUffert-Lceii  of  aoliou), 
providiid  with  m  ctivor,  and  a  etauii  of  wood  somewhat  larger 
than  tliu  discs.  Th«  wuud  aliould  be  tliorouj^hly  baked,  ^V(^U 
eoyetwl  with  sheUac  varniah,  and  supported  by  throe  feet  of 
ebonite  rud  or  guttapercha  to  form  an  inButnting  etAnd.  The 
tipper  faoL-  should  Ijo  coveitd  all  oTcr  with  tiniciil,  connected 
to  a  ainail  hook  or  ball  itcrewed  into  odo  i^ido  for  attaching 
oondnotora  lo.  On  the  edge  of  tho  face  should  bo  throo  studs  or 
pieoee  of  wood  to  hold  tho  disc  in  its  place  whoD  rubbed. 

46.  Thctf!  etnnda  nerve  also  for  muny  exjierimontiLl  purposes) 
bat  as  wood  condncta  ulectrieity,  on  a4Hx>unt  of  the  mniefure  i' 
contaiiiB,  fur  (ill  electrical  purjjuscs   it  ehunld  1>e  alowly  av 
tliurotighly  buked  without  ecurching,  put  into  molted  puriif 
w)iile  not,  and  kupt  thuro  as  long  m  any  bubbling  contiiii' 

it  should  tben  be  romoveit,  and,  as  it  ooola,  be  dipped  sev 
times  Bo  that  the  grain  and  poree  of  the  wood  beoome  thorov 
filled  up :  in  this  etato,  wood  is  a  good  insnlator.    Paper  i 
prepared  in  a  Kimilar  mannor. 

Tor  adjuatnblu  «tatid»,  n  rod  of  wood  can  be  used,  atts 
n  foot ;  picoca  of  hnum  tubing  filled  with  a  cork  bored  1 
rod,  will  slido  to  KHiuinxl  height  and  carry  cross  rods  1 
nimilar  ciirkud  tulivn  will  giv<t  any  desired  angular  adj 
Buch  cosily  couatrucled  uobU-nt  are  very  useful  for 
and  othur  usi's,     A  slab  of  recently  melted  parnHin  ■ 
exoelleut  insulator,  while  euoh  a  stand  as  juet  dosoi 
sheet  of  tin,  replaces  the  "earth"  so  constantly  ro' 
electrical^books. 

47.  To  use  the  apparatus  for  exumtning  the  pria' 
elootrophoruB,  place  the  ebonite  disc  on  the  stanf' 
with  a  silk  handkerchief  and  apply  to  its  faoe 
This  ifl  simply  a  miniature  cover,  a  pi^ce  of  1 
«OT«red  with  foil,  and  mounted  on  a  glues  hand' 
havo  a  rnrtoty  of  these  of  various  forms  and 
them  with  a  pieoe  of  tube  or  a  wire  at  tho  b 
glau  luiudlo  or  a  stick  of  shellac.    Ou  tuoo' 
with  this  and  presenting  it  to  the  pith  ball  t 

bo  found  that  there  is  uo  action.     Now  this  ' 
rCm»ea,aiid  therefore  the  principle  must  be  t 
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48.  It  is  };oneral1y  considered  that  wbon  an  insnUted  body 
nclioa  a  eharijfid  one,  tho  two  become  outs  oe  br  aa  the  eleotn- 

'^ty  ia  ooDcomod ;  tlint  tliis  diHtrtbntoB  itself  over  both  surfaoea, 
and  whoD  thc«o  nro  iMpuratcd  cniili  ia  siipposod  to  relAiD  ita 
pToportioDAto  ibkrv  of  the  "fliiid."  The  proof  plaoo  ia  Bo 
cmpluyod  ia  mwi^  ouoa,  biit  it  acta  difibrcntly  on  the  electro- 
phuruH,  tt  fact  whidi  thrown  gnxtt  light  H{mn  tno  true  nature  of 
"Char^tiA."  Tho  iiluotrujihoniM  i«  nppiin^ntly,  U>  all  tntvnta,  a 
ohurgcd  budy,  far  il«  fiux,  if  iwimtuK,  ia  in  a  pnroly  negative  or 
—  atutv,  yot  if  wu  apply  tlie  priMf  plane  a»d  roniuvfl  it  wa  iiball 
Oply  diacover  a  fuJnt  ohar^v.  In  un)»r  tu  obtain  eleutrioity  on 
tlu>  piano  we  uiusi  (i>ncli  iu  u|>per  face  willi  a  cundueting  Ixxly, 
what  iaoallod  "oonuectiou  to  earth";  praoticuDy  the  op«ni- 
''a  finger  will  aerve,  but  for  th«  eako  of  tneory  the  oonncctiou 
ltd  be  a  piece  of  wire  attached  to  a  chain,  which  dropfi  on 
flow,  or  is  hung  to  a  gas-pipe:  with  our  inHtilatod  stand, 
we  at  once  see  that  connection  to  its  oonductiug  face,  which  is 
m  contact  with  the  bock  of  the  eWtrlc  di«c,  give*  exactly  the 
sanw  reeult  as  connootion  to  "earth" — it  in  fact  ftilfils  the 
oonditions  of  g  37. 

49.  Thia  is  also  tlie  way  iu  wluuli  tbo  eleotrophoniH  is  used 
for  any  purjioee  ;  in  order  to  cliarge  it  by  frii;tii>ii,  tliv  back  of 
it,  whether  tliin  l>o  a  metal  dish  iu  whioh  it  is  cual  or  tlic  foil  on 
tlie  back  uf  a  diaic  lying  ou  the  alaud.  must  bo  "  uoniiecU-d  to 
aarth,"  or,  in  r^ity,  Ui  Ihi  rubber ;  without  tliia  no  charge  ia 
seoeiated  ;  but  tUiu  circuit  being  made,  it  is  excited  by  friction. 
tli«  cover  placed  un  ito  face  and  touched  on  tho  upper  surface 
with  the  nnger,  to  make  connection  to  tho  Imck ;  the  cover 
when  now  raised  is  found  to  bo  charged,  and  sparks  inay  be 
drawn  from  it.  The  instrument,  when  exoitod,  will  retain  lla 
powcia  for  a  long  time  if  tho  OCiver  be  placed  on  it ;  in  a  dry 
Mir  it  may  retain  its  charge  for  days  or  weeks,  rrmdy  tn  give 
•  apark  withont  fr«eh  ezatomeut.  In  thia  way  electric  gns- 
ligntcrs  arv  made. 

50.  A  Kifiircnoo  to  Fig.  10,  p.  37,  will  explain  tho  ennditions. 
Tho  lower  line  ut'  niotoculn  b  may  raprciKcnt  iho  exiutiMl  dine, 
mxA  the  up[>ur  row  a,  tbe  rubber  dunng  excitiiiueut,  and  the 
OOYor  when  in  Mae,  Tho  maxa  of  the  diulnctrio  becomoi 
polanxod,  and  the  essential  piopcrly  of  these  dielectrics  is  to 
ntotn  this  condition  of  i<rr*t  in  which  energy  is  so  charged 
npon  Ibeir  moleculea  as  to  ci>nHtitute  a  field  of  force  within 
tiieni,  having  a  xtrong  rcHeroblnnce  to  the  magnetic  conditions. 
In  order  to  aet  up  this  field  of  force  and  state  of  strem,  the 
primary  outidition  ia  that  there  shall  be  a  completed  circuit 
({  17).      If  tlio  connecting  chain  e,  Fig.  10,  ia  removed,  the 
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elect nplionu  vbioh  it  rcpreeeaU  will  receive  do  el«otrio  chargo^ 
but  fViotion  would  boat  it :  if  we  oonneot  th«  solo  iiUlo  to  uitrtb, 
with  which  the  rubber  is  alao  connected  through  tie  body  of 
till-  operator,  we  hiive  electricity  instead  of  heat ;  that  in  to  my, 
wo  have  fotenltat  ener^^  stored  as  stress  in  the  mok'culi-'a  of  tno 
dielectric,  ready  to  produce  the  phenomena  of  electricity,  whim 
the  proper  conditioDs  are  present.     If  we  now  place  the  cover 
on  the  1009,  without  connecting  it  to  the  back,  the  cover  ouly 
TOplaoOB  a  Btrfttum  of  air;  its  conditions  are  the  same  aa  those  of 
AOrUndor  brought  within  the  "inductive  field  "  of  a  ohaiged 
hoay,  to  that  it  is  "  polarized,"  +  on  ono  side  and  equally  — 
on  the  othi-r.     But  if  w©  close  the   circuit   c,   Fig,    lo,  new 
ODoditioDs  ariiwj  if  tlie  oover  were  in  pcrfiwt  mntiu-t  with  tho 
dJelootrio,  discharge  would  occur,  for  l}ien  the  eonditicinM  would 
bo  tboM  of  ihe  LeydeTi  jar.     But  in  fact  the  iviver  only  t«nohce 
•  fow  part*  of  the  aiirfiicu ;  the  oiiiiditions  an?  more  coinpamh) 
withtkoaeof  a  magnet  when  its  armature  \a  plut^ed  on  its  polr 
lb©  oooaeqnence  is  that  when  the  eircait  is  Liukeii.  tlie  oo 
assumes  a  state  opposite  to  that  of  the  dielectric,  because  no 
reallv  continues  the  polar  order  of  ihe  other  aide  of  th&  dieh 
to  wflich  it  hiid  Iwcn  connedoil.     The  old  explanation  we 
tho  —  charge  on  (he  fnco  indui-ed  a  +  charge  on  the  oov 
appmnohixl,  and  that  tlin  corresponding  —  of  the  cov 
away  into  the  «ii~*,)i,  and  th<in  the  opp^ising  ■+■  and  — 
botmd  or  ditwimuUtkil  OAch  other,  all  which  is  neeilless  a 
tion.     Tlmro  ia  an  altravlion  betweun  faoe  and  cover,  or 
botwesn  magnet  and  arinutiire,  in  which  latter  case 
what  might  equally  be   called,  bound  or  diwimuh 
Dstism;  iu  both  oases  also  the  removal  of  the  attr 
■gainirt  the  force  of  attmetion,  restores  the  enurgy 
Mtting  op  the   polar  force.     The  cover  on    reor 
apparent  charge  of  free  +  electricity ;  but  in  fa;.-l 
lies  on  the  plate  it  is  in  the  line  of  the  externa' 
plate  to  itasole,  and  on  removal,  it  divides  tha 
aetting  up  fresh  linos  of  force  to  all  surrounding 
approaches  near  onongh  to  aomo  object  in  v 
of  force  can  conoentmtc,  whon  discharge 
oooura  as  a  spark.     The  roqnirod  oonnoction 
tlie  dielectric  is  froquently  mado  by  a  pin  o 
lUMS  of  tho  oloctrophoms,  with  which  tlio  o- 
at  once  without  any  apodal  process ;  thiri  dij 
calling  forth  tho  agency  of  tlio  "  earth  "  iis 
of  oloctrioity,  heouuse  the  iiietnunent   ar 
wh«D  inaulutod  as  when  ooniKrcted  to  eitrt' 
mochinca  when  their  mbbeia  are  insnlalc 
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outer  ooitliD};  of  a  Lcyilen  jar  wliilo  tho  inner  coating  isoharj^d 
froin  this  |>riii)e  conductor. 

;i.  In  witrking  for  disoovrry  it  is  rriqiiisitfi  to  experiment 
firxt  and  then  book  tho  intorpri^tntinn,  nnd  this  ia  ft  good  mode 
of  iostruction  (iIho  ;  hut,  on  the  ollipr  hand,  an  ox]iorimont,  and. 
still  moro,  a  d(«<'rij)tinn  of  one,  in  fitr  inun-  inl^Oligt^ntty  studied 
when  il«  ohj<,'cl  in  iindimtooi),  to  lliia  nuhjoi^t  ImK  htxn  diBciiswid 
Dioro  fully  thnn  uhuuI  tn  tcst^liooka.  In  m-'ukinf  out  jirincipUjs, 
tho  simptoKt  iiiHtruntoiito  and  «x[ierijnentB  tcacli  iuutv  than  more 
eU1xint«  onwi,  beoanse  theoe  often  introduoe  couiidicationa  which 
may  put  out  of  viev  the  most  central  and  eesautial  n'linbi. 
Th«y  atnu  lesd  up  pradnally  to  morw  «xten§ive  studies,  and  thiw, 
S$  49-50  aro  an  anlicipatory  ontlino  of  what  is  yet  to  bestndied 
unilor  more  general  (vnditionii. 

51.  The  earlier  olectricJunH,  attnuitod  by  thti  more  obrioua 
l^enomena.  mi»wl  the  pnndplo  nndorlyiny  thuin,  Tborefore, 
the  ezpn-ssiriDH  of  moat  electrical  writcn*  an:  aui^h  im  to  jtistify 
the  notion  thnt  i^itlic^r  positive  or  negative  electricity  is  capable 
of  BOfiaiato  «sutt«no6,  isolated  fVom,  and  indqicndcnt  of,  its 
oppumto.    Yot  all  now  admit  tliia  general  taw. 

(^)  Om  eieclrteits  can  nrvor  td  proAuxd  mthoiU  produeing  at 
lie  miM  time  a»  equal  /juaYUily  o/th«  olW. 

Thus,  in  friction,  if  tho  electric  ho  +,  the  rubber  is  —  ;  w> 
also  iu  a  batt«ry,  ono  cxlnTnity  it  +,  tho  otbi>r  —  ;  and  in  a 
LeyUen  jar  if  tho  inner  <v>ntiiiK  iK  poailivo,  the  onlor  is  nega- 
tive. All  tliooricM  inotndu  thin  law,  bvcaiiMO  it  ia  u  simpio  fact ; 
but  it  is  nn  inevitahlo  oiinftetiaenee  of  the  molecular  theory, 
for  tho  niotociileH  iiiroi'Hiianly  have  two  opiMwite  Rtdiu,  and  the 
roactiiins  of  tli<>»b  aiden  are  tho  cansea  of  tlii)  ]iheiiomi:na.  Rut 
tho  fluid  thiHirioa  auBUuiu  that,  ha^-inj;  iiroduced  i»f]>aration  uf 
tho  tw'i  uluctritilii-s,  tiuo  of  tliem  may  be  di-iuiased  into  tlic  earth 
UH  tlic  outnmoti  rofervoir,  or  infinite  canductiug  anrfaoe,  leaving 
tho  ether  fn-e  and  inolatod. 

5J.  Eautu  (,'oxMflcrinii.— In  working  an  eleotriatl  machine, 
we  muHt  lead  a  chain  fnim  tho  rublier  to  the  floor  or  gas-pipe, 
or  we  obtain  oiiIt  a  slight  effect.  Honoo  tho  idea  that  wo  make 
a  connection  witn  the  niawi  or  aurlaoe  nf  tlic;  twrth  itwlf.  But 
wo  learn  froni  S  jO  that  wo  really  form  a  c<jnneotii>n,  by  means 
of  ntiideratcly  gii*!  con  Jnctors.  with  (A*  iealU  of  rtn  room.  The 
room  l)eci>iu(«.  iu  fact,  a  large  Leydeu  jar,  of  which  tho  dielec- 
tric aiV  n-presontH  the  glass.  The  ohar^-<l  iKNlicii  or  prima 
oonduotor  lorm  tho  inner  coating,  and  the  wulln  of  tho  room  tho 
outer  coating,  with  lines  of  furoo  oouueoting  th^im.  Ihit  tho 
ao-eallod  "  charge"  on  tlie  small  surface  ia  very  apiwrcnt,  while 
tbe  etjual  charge  on  the  walla,  being  of  much  lower  dmn(y,  doM 
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not  maniri'et  its  pnccnoo.    Tb«  motooutar  tboory  does  «« 
■]tog«tIi«r  with  thri  fnippcwid  fnnction  of  the  earth,  which  1 
acta  Bimply  as  any  otlrnr  oonilactor  does  iu  dynamic  el«ot] 
and  has  nothing  nt   all  to  do  vith    atA^o   electricity. 
*' earth"  connrction  Hhoulil  bo  regarded  as  a  zero  or  bin 
Bcren'  ootiimfm  to  all  the  citrcttitii  which  may  be  connected  to  hT 

J 4.  HuKiMHJSiwxo  8citPACE8, — Fig.   1 1   shows  +  iho  charecd 
y,  with  its  ntuluctilcA  jiretienliDg  their  +  ends  ontwaids; 

a  is  the  earth  conneotioii 
Fio.  IL  conveying  tho  polarintnn 

to  the  walla  of  the  room, 
which  aro  thtu  rondoroil 
—.and  hh  aro  the  tadU- 
Oolos  of  air  forming  the 
linca  of  force  or  pobr 
ohains. 

This  explains  why  any 
one  near  an  electiical 
Dinchine  in  section  w- 
penenoee  a  peculiar  ting- 
ling  sensation.  Uis  bo^ 
is  in  tbe  path  of  poUrin- 
tion,  and  as  he  is  a  better 
oondqctor  than  the  air,  a 
good  part  of  tho  circuit  is 
oonoontrat^Ni  in  his  body. 
Tbo  smtill  Hnpcrfidal  haiis 
rise  and  point  on  one  side  to  the  noftTO«t  wall  or  other  bodiM, 
and  on  Uio  othtir,  with  atill  greatur  iiiteiiKity,  io  the  machine. 
Thia  hap]i(!na  even  if  he  is  insuluted,  but  if  he  is  in  connootJon 
with  the  fluor,  tbe  nearer  bo  stands  to  tbe  uiaoliioe  the  more  he 
repriMii^ntM  tlie  outer  coating.  Be  is,  in  fact,  electrified,  not, 
as  might  bo  supposed,  by  the  machine  and  with  the  electricj^ 
of  tlie  ooriduotor,  bnt  with  the  opposite,  beoanse  ho  oomplettt 
the  {Mtlarited  ohain,  while,  if  insulated,  he  will  be  -f-  on  one 
aide  and  —  on  the  othrr.     TTpnee  we  find. 

(^)  jfJe  other  ehrtrifils  in,  in  rijnal  qvantlly,  <li*lrilmt«H  Mtr 
auofher  eur/of^  »eiiarnUd  frrnn  Oitfirfi  htj  a  di<-l<rlrii:  in  iciieh  U^rs 
txitts  afifid  offoree  due  ("  ihrnr  tvfo  emuil  ofipnntr  fJiarga. 

'J'hiid,  when  another  insulated  body  tonchps  Iho  fir»^t,  it  doea 
not,  as  gnnomlly  supposeil,  lako  part  of  itx  fr«o  (tlcc trinity.  It 
mmply  enlarvcM  tbe  "  inner  coating,"  and,  of  courms  in  doing  so 
proiK>rti<>nat3y  lowArs  tbo  "density  "  of  the  ohargo,  that  is,  tho 
namlier  of  lines  of  fiTCO  upnn  a  given  aroii. 

J5.  limucnOK. — This  tvrni  >»  ki  frr-tiiKinlly  employed  in 
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trioitf  that  it  is  iKoossuy  to  doKne  fully  th«  idea  it  is  iutendc^ 
to  OOOTey.  Generally  it  may  bo  said,  that  any  molecnle  whon 
"  polarizod "  iWiKv*  ftll  others  within  its  infliienoo  to  follow  its 
example,  that  is  to  say,  omploying  the  tnio  meaning  of  the 
word,  it  draira  thifm  into  the  enmu  syetoinalio  order ;  in  like 
manner  a  magnet  inctu^M  magnetism  in  neighbouring  bodies 
snaoeptiblo  of  boooming  magnetic,  and  an  eloctric  current 
indtices  a  cnrrent  in  neighbouring  condiictoni.  This  rcBtiltH 
from  the  constitution  of  th<9  molooiilo,  S  ;9,  when  nnder  the 
influence  of  "polarization,"  which  diwrtjt  piut  of  its  energy 
externally. 

Id  Fig.  12,  It  is  the  primniy  oiolociilo,  whence  the  polarixing. 
fone  acts  in  l>oth  dirvcttons,  and  on  eaoh  aide,  iadaciny  its 
neighbour  to  torn  towiLnln 
it  the   eido  for  which   it 
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has  the  greater  attraction. 
Thus  its  -f-  vide  acta  on 
iho  moU-cuic«  b  and  its  — 
on  tbo  moWulisi  c,  aoeking 
on  Mob  side  the  ohurteHt 
oourae  to  ooinplete  its 
ohaiu.  The  oollectton  of 
moleonles  d  represents  the 
passage  troia  a  good  con- 
dnotor  into  a  dioluotric, 
as  from  a  charged  surface 
into  air. 

But  tho   terra    "indiio- 
tion  "  has  also  l>oen  applied  to  what  would  be  a  second  production 
of  electricity, 

Knoo  it  has  l<ocu  recognized  that,  on  bringiing  a  surface  near 
to  n  ohnrged  body,  a  charge  of  opposite  name  appears  nijon  it, 
rt^i>  char^  is  commonly  said  to  t^  "  induot-d  "  :  so  also  is  the 
diarge  on  tho  surrounding  walls  said  to  be  "  induced  "  by  the 
ohwy^  Wly.  This  is  a  oonwcqueuoe  of  the  error  m  to  tho 
action  of  the  earth ;  first  wo  are  «iuppoeod  to  soparntv  neutral 
(+  -)  and  piaee  +  on  tho  body,  while  driving  -  into  tho 
Mtrth,  whurw  it  departs  to  "  stimewhere  about  Australia"  as  ODo 
writer  vxphuna :  Imt  then  tlii*  +.  objecting  j^olmbly  to  its  soli- 
tary *iist«ooe,  "  induces  "a  -  charge  to  kooji  it  c<>inpany  on 
tJio  walls;  wheUter  it  is  tho  wune  —  come  back  from  Australia 
is  not  explained.  But  this  is  not  induction ;  it  is  the  primai^- 
ftot  of  charge — a  dual  action. 

56.  It  is  dfsirable  to  descrilxi  now,  tho  more  powerful  sonroex 
of  electrioity  and  the  means  of  meosoring  it,  before  farther 
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following  oat  the  theoretical  prinoiplea:  but  I  do  not  proposo 
to  occupy  iipiioe  by  dtatcriliing  iiiatruiiiento  whicli  are  fully 
(lescrilHid  in  all  the  text-books ;  it  ia  uot  likttly  that  this  will  be 
the  only  book  atwieaHilile,  and  therefore  it  ia  better  eervioe  to  my 
readenj  to  refer  theiu  to  others  aa  to  aucb  uaiveraal  and  simple 
matters,  miil  ocoapy  space  here  with  aubject«  they  do  not  find 
In  every  uthor  book.  When  dealing  wiUi  BUoh  subjeota,  it  is 
because  they  furoi  part  of  a  necesBary  line  of  examination, 
or  in  order  to  fumian  information  which  may  assist  readers  in 
making  the  infltmmenta  for  themselves. 

lileotrioal  machines  are  of  two  distinct  classes : — 

(l)  Frictumal  mackmeg,  in  which  the  olectrio  is  oonst&ntlv 
excited  by  friction  and  as  constantly  discharRed  into  a  rosorvotr 
of  force ;  this  class  includos  the  plate  and  cylinder  machines. 

(a)  Iiiduelitm  nutdtinet,  which  operate  on  tho  principles  of  t' 
oleutrophonia,  aocumulnting  a  snucessioo  of  actions  till  a  tw 
initial  charge  attAins  the  full  puwer. 

57.  Frictiosal  MAciri»E3 The  principles  of  the  friot 

machiue  are  thuse  laid  down  S  27.     There  is  (i)  The  eleo' 
lie  excited,  the  plate  or  cylinder,     (x)  The  exciter  or  r 
(j)  Tho  mechauital  motion  generating  frictiou  and  snpj 
energy,     (4)  Tho  circuit  of  polarization,  which  here  li- 
the "separation,"  because  part  of  it  must  be  mm -cum' 
(5)  The  reeorvoir  of  force — the  prime  conductor,  as  it  ■' 
but  which  is  strictly  a  part  of  the  circuit  of  polarixatio 
most  oonTeoieutly  considered  separately. 

The  electric  is  usually  glass.    Guttapercha  may  h 
has  been  omployod  in  tho  form  of  a  band  stretob 
pulleys:  olcctrical  machines  have   boon  thus   g 
intotttionally  in  manufaotories,  and  fires  have  Ih- 
•parks  kIvcu  off  from  belts. 

The  Dont  electric  is  ebonite,  but  its  sur&ce  del 
continued  friction.     It  is  subject  also  to  the  fonn 
of  sulphuric  acid  upon  its  eurlnco,  owing  to  the  ' 
when  the  machine  is  worked,  which  is  the  cause 
•mell  perceivi'iL 

The  hardest  glass,  containing  most  silioa 
f^aM,  such  as  window  sheets  are  made  of.  or 
OOHUDOU  pale  gn'en  coloured  bottles  are  m 
fiiiit-gluss.     A  cylinder  machine  may  bo  ma 
if  one  is  selected  with  straight  sides  and 
nmgh  surface  does  not  generate  electric' 
Mlient  points  oome  in  contact  with  the  rr 

Those  maohioea  are  so  little  used,  now 
'loflasuca  Mwobines  "  are  so  much  imp: 
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to  oocapy  space  with  d«teiU  of  ooDstniction  which  c«d  be  fboud 
in  any  of  the  older  electricAl  booke. 

(8.  IsDUCTioN  MAcmaiivi.'-Tke  second  groat  division  of  eleo* 
tnokl  machines  is  ba§od  u|>on  the  principle  of  the  eleotro 
pboma :  there  ia  a  umall  iuitial  chai^,  from  which  a  moving 
pUte,  t«pre«enting  the  oover,  takes  a  succeGsion  of  ohargeii, 
tntnsfemug  them  to  a  condenser  or  conductor,  which  iu  turn 
iMOti  npon  the  original  charge  and  gradually  raises  it  tea  high 
tMUiOQ.  In  theae  instruments,  although  there  ia  no  direct 
friotioii,  there  is  set  up  a  resistance  to  motion  by  thoso  elootricnl 
•otioD*,  which  transform  mechanical  energy  into  elcotriokl 
fin^ty  witli  all  its  tilluots. 

The  original  of  all  the  various  forms  was  Varley's  maltiulier, 
in  which  waa,  for  the  first  time,  applied  the  principle  of 
"  ftooamulatiou,"  which,  applied  also  by  Mr.  Varley  to  the 
niBgnetoKileotric  machine,  is  the  fonndation  of  the  powerful 
seneraUira  uf  curnMit  electricity  now  in  use.  In  the  generators 
Both  of  dtatio  ami  dynamic  electricity,  tho  principle  is  that  a 
•mail  iuitial  charge  can  be  used  to  convert  meclianical  energy 
into  electrical  energy,  and  w  develojp  a  high  force.  The  prin- 
ciple may  be  understood  by  moans  of  Fig.  i},  E  F  are  platea  of 
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metal  (whicJi  in  the  instmment  were  tmuttoA   in  a  raw] 
front  01  which  tho  plate  C  ^whioh  oOTreBponu  to  tiie  ^eol  .. 
fhoms  oover^  can  rotate.    Tae  plate  is  carried  on  an  Insulating 
mm,  but  with  appliances  to  connect  it  at  proper  iut«rrals  to 
"  earth  "  which  u  rcallv  a  zero  point  indicated  by  i.  to  which  0 
can  be  connected  at  the  rciqnired  momi-nts,  as  aUo  can  other 
plates  similar  to  E  F  ;  a  small  charge,  such  as  may  bo  obtained 
!>y  rubbing  a  pieog  of  ebonite,  is  pat  upon  E,  which  rcprcaonti 
toe  dectrophoruB  face,  wbioh  wo  will  ccmitidi^r  as  being  in  a  -|-  j 
oonditioni     C  being  connootod  to  ■,  which  ropixiBoute  itus  }Mek' 
or  Bole  of  tho  ulcctiophoruH  at  this  stage,  of  course  take*  a  — 
^^^oharge  uqnal   to  the  +  on   E.    0  ia  now  moved,  broakins 
^BpotUMotion  with  t,  And  airriea  ft«  —  oliargc  over  to  F.  with 
^■^which  it  makes  momentary  contact;  contact  witli  t  following,  • 
4-  charge  is  inductnl  on  C^  which  it  in  Uke  manner  carriCH  oa  , 
and  ados  to  that  on  E.     In  the  actual  instmment,  uf  couiae,  the 
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chargmi  which  aro  indiicud  upon  0  uitoIto  a  coirapoiKUiig 
opposito  qimntity  trutiHfi-m'd,  by  mouui  of  a  tempovuy  ooo- 
uectioQ  to  a,  to  nnothcr  not  of  piftles  mmilu*  to  E  F,  id  which  lbs 
B&me  Beries  of  opvmticMiH  are  ciirried  on.  At  length  tho  oham 
tuoe  to  the  full  "  puteiitinl "  of  whioh  tho  ioBulation  of  tli9 
tnotrument  adiDits,  uttil  thtm  the  electricity  ovortlon^  into  th« 
extomal  circiiit. 

ThoBB  principlen  have  been  applied  to  a  rarioty  of  maohinM 
oonBtnict«(l  by  Hola,  Toplcr,  Vow,  and  othore,  and  a  very  small 
form  in  employed  in  the  elnKiritte  eleutrumotors  on  the  quadiant 
iniiioipio  of  sir  W.  Thomson,  §  75,  for  the  purpose  of  maiii* 
laining  the  electric  charge  upon  the  maving  Eyatem.  Th«ae 
machines  are  ftilly  demribeu  in  most  of  Uio  text-booka  of 
eleotticity  and  of  physicB,  no  that  1  will  only  give  a  foil  dft> 
Bcriptiou  of  the  latest  and  probftbly  the  most  satisfactory  foroi) 
which  is  easily  made  bj-  any  one  with  moderate  ekill. 

^9,  TaE  WlMUHCiisr  Macrinb.— Thegreatdistinctioii  betwMB 
thtB  and  it«  predeucason,  the  Hulz,  Carr^,  VosB,  aud  otbar 
Induction  or  Influence  machines,  is  that  both  plates  rolata  is 
opposite  directions;  tho  effect  ib  that  while  in  tho  older 
machines  one  plate  was  the  Inducer,  coirespotiditig  to  tlio  field- 
magnets  of  dynamo  machines,  and  the  other  thf  imJaccd,  oorre- 
gponding  to  their  anuatiire.  here  each  plate  plays  alt«riiately 
each  pajt,  as  the  sectors  change  relatiouji ;  alao  the  wiM^d  and  tho 
rate  of  reaction  ale  practically  doubW :  beuoe  there  is  more 
oortainty  of  excitement,  a  more  rapid  attainment  of  full  power, 
and  leaB  liability  to  loas  by  moiatiire  in  the  air. 

Fig.  14  will  explain  tho  construction  if  the  priuoiploit  govern- 
ing each  part  are  thoroughly  understood.  The  frame  may  t« 
made  of  any  hard  wood,  which  may  be  treated  na  in  §  39 :  it  it 
shown  BtaDding  on  foot  high  enough  to  allow  tho  driving 
wheels  to  bo  monnted  under  it,  working  in  HlotB.  These  two 
wbools  are  attached  to  an  iixis  which  may  be  of  hard  wood  or  of 
metal,  fitted  with  an  ordinary  dri\'ing  handle  ;  thoy  should  be 
fiixed  as  far  from  tho  platen  as  tho  stand  allows,  at  least  )  inohca, 
and  more  in  proportion  to  intended  length  of  apark,  so  as  to 
prevent  side  diBcharges, 

60.  The  etandard»  should  be  more  ooiuoal  than  is  shown,  to 

S've  steadiness,  aud  should  be  very  carefully  morticed  into 
0  stand  1  the  topH  should  Ira  made  reuiovabfo,  so  as  to  form 
olamp  baaiings  for  the  nnindlv,  aa  this  facilitutt-s  tho  removal 
of  the  platos;  but  merv  holoa  an  ooounonly  u»ed  to  place  tho 
spindle  In,  and  they  should  bo  exactly  level,  aud  of  moh  sixe  m 
to griptha spindle  firmly. 

61.  The  sptndte  is  beat  made  of  ittecl  wire  or  rod  J  inch  thiok, 
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irhich  b  obteinable  Btraigbt  oud  polUhed;  it  vlionld  project 
balf  an  inah  or  so  beyond  toe  standaiiLi  to  carry  tlio  nvutntlizing 
mU  M  shown,  Mut  a  piooea  <rf  stoat  bran  tubing  fitting  frooly 
ihooM  bn  otitAiuod  to  aerre  as  boshes  or  bearings. 

6a.  The  bout*  or  bubs  of  the  discs  are  made  of  hard  wood 
bond  to  rDomve  tbe  btaaa  tnlM  juAt  mentioned,  which  ahonld  bo 
tnolj  seonrod ;  the  lenirth  of  ue  boesee  should  be  such  an  just 
to  ma  &e«l7  and  Btcudiiy  on  tits  spindle,  aud  they  should  be 
nv«D  an  omunental  outline  and  be  fitted  at  the  outer  end  witli 
ariTiDg  pollejB  about  on«-third  the  diameter  of  those  on  the 
driving  shaft:  V  gioovua  in  all  the  xvheela   receive  driving 
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of  roand  Icnthor,  moh  on  aro  used  in  sewint;  maohiuM. 
The  front  one  wmply  rnna  ov«r  tlio  pulleyg,  while  the  buck  on© 
!a  CTxwHcd  *o  an  to  (lri\-D  tho  discs  in  opposite  direotiona;  the 
cmdK  of  tho  Imnd*  should  bo  cut  sloping,  plaood  on  eooh  <^her. 
with  a  littlo  gloo  or  ooagnlino  between,  and  wwn  together  so  as 
to  giTO  a  HmOOth  joint  and  avoid  jerks  in  driving. 

The  inner  end  of  tho  boiw  Bbonld  be  turned  off  so  as  to  form  a 
flange,  to  reootvo  tho  diM,  of  eiifScient  deptli  to  enable  the  glass 
to  be  firmly  hdd. 
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oxeiting  ftnd  retaiuing  power,  as  slwis  diflbre  uinch  In  these 
TMtp&ctM,  and  w<^ll-c(mst^lct«d  maoniuen  liave  failed  to  act, 
laeruly  because  the  glass  was  uot  good  eleotrically. 

A  lioto  about  iiu  iitcb  across  ahoiild  lio  ctit  in  the  oentie  of  th« 
dice  to  fit  on  thu  Bange  of  tbe  host,  to  which  it  should  ht 
attaohed  by  oungtilinc  or  the  cement  osud  for  thtt  tyroa  of 
hicyeles,  and  it  ia  an  advantage  to  make  the  bosses  short  enough 
to  allow  k  iltBC  of  ebonite  or  viiloamzed  fibre  to  bo  cenmnted  over 
the  glawi  nud  end  of  buss,  with  small  screws  entering  the  boas: 
K  ooiiple  of  HmaU  wadhent  of  vnlcanised  fibre  of  siiituble  tliidl- 
nen,  on  the  middlv  of  the  Hpindlo,  will  adjust  tbo  distanoo  of 
the  plates  and  diminish  friotion  in  ninniug. 

A  (Mtfer  way  of  mounting  is  to  moke  the  central  hole  Urger 
thao  the  boss,  to  turn  b  fianged  washer  of  vulcanized  fibre  to 
fit  tbe  bole  in  the  glasH,  and  aft«r  the  two  have  been  cemented 
together,  add  the  inner  covering  disc ;  in  this  way  tbe  attaob- 
niout  to  the  trass  is  mode  with  Uie  fibro  and  there  is  no  risk  of 
splitting  the  disu.  Othur  matprialt  mar  be  used ;  ebrinito  moJce* 
a  good  disc,  but  with  tbe  defects  mentioned  S  57.  Brown  jKtper 
board,  well  drictl.  paraffined  and  vamisbod,  may  be  used ;  but 
mica  bas  been  tried  and  does  not  answer:  stiflnew  in  the 
material  is  essential,  as.  if  flexible,  tbe  two  disco  draw  together 
on  tbe  vertical  line  where  their  electrical  states  arc  opposito,  and 
separate  on  the  horizontal  line  where  they  aro  andor  similar 
electric  condilion?. 

Tbe  discs  should  be  wurracd  and  coated  with  sbellao  varnish, 
which  is  best  applied  by  rotating  the  plate  on  an  npright  rod  to 
fittbot>oss,  using  a  Urge  fiat  bninh  charged  with  vami^  enough 
tu  coat  Ihe  whole  of  one  side  of  the  disc:  the  boating  is  best 
effected  by  an  iron  plate  just  below  the  disc,  with  a  Bunsen 
burner  or  two  below  tbe  plate.  This  gives  equal  heating 
without  risk  of  splitting  tbe  glass. 

64.  Tbe  BecUir»  are  made  of  stout  t!n-foil,  but  soft  white  metkl 
or  Istten  brass  may  lie  used.  They  should  bin  cut  all  alike  by 
means  of  a  templet  of  sheet  tin.  Their  length  may  be  somo- 
wliat  lew  than  ono-tbird  the  diameter  of  the  disc ;  alt  their 
ootnerB  should  bo  roundod  off.  and  they  should  be  mounted  on 
true  radii  and  exactly  equidistant,  H>  that  those  on  the  two  discs 
bzaotty  eurreKpond  in  all  positions.  Tbe  ensio«t  method  of  mount- 
ing is  Ui  earomllf  draw  the  whole  disc  on  a  sheet  of  oardboard, 
with  circli-s  nliowiiig  the  inner  and  outer  bounds  of  tbe  Hcctom  antl 
disc ;  then,  pluuing  tbe  disc  with  its  inner  fnoo  on  this,  attikoh 
ilie  •ectorm,  whioli  may  l>o  filed  by  coating  them  with  shellao 
varnish,  and  applying  them  to  the  glass  when  noarl)r  dry  and 
"lerc.     Who 
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just  fit  to  adhere 


on  fiKed,  a  ring  of  varnish  should  be  run 
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the  ends,  or  oror  the  whole  diac,  except  a  oirolc  under  lh« 

ntkot  brDBfacw. 

The  •ecton  nro  gsnvraUy  made  out  of  flat  metal,  but  probably 
it  wuald  )hi  an  impTOTomoDt  to  raise  a  ridge  or  button  to  malut 
ocDtact  with  tho  bradH>«,  wbieh  could  bo  dono  by  otmenting  a 
aaitablj  formed  ptooe  of  nkotal  on  tho  disc,  and  emboaaiog  the 
faO  on  a  wooden  or  metal  mimld  to  fit  it. 

The  number  of  aeoton  rariot  with  IIm)  ellbot  ilmired ;  with  a 
large  nunber  the  machine  is  mere  certuinlj  Kclf-^hargiog.  but 
laii£^  of  spark  ia  obtained  hy  reducins  tbio  nnmbor;  tnta  la 
to  16  is  the  lanKe  for  a  dbe  of  16  or  18  utdteiL 

$j.  The  *eutraiiiiitg  brvshet  are  made  of  say  10  Tcry  fine  wtrti; 
•oft  bat  elastic,  let  into  holea  drilled  into  the  eud«  of  the  bent 
nds,  or  mounted  in  ver^'  small  brass  tubes  sliding  in  holes  in 
the  ends  of  straight  rods,  which  will  enable  the  distauoe  to  be 
adjturted  exsoU;  to  make  omtaoc  The  rols  may  be  roughly 
madft  of  brass  wire  twisted  into  a  helix  of  }  or  4  turns  at  the 
miiMta,  to  otssp  tho  Spindle  spring  tight,  and  in  like  maimer  at 
the  ends  to  bold  the  brashes ;  or  they  may  be  more  massively 
uftde  of  thicker  rod  fitted  to  a  tuw  slidin;;  firmly  on  tlu 
■pindlek  Their  position  may  be  varied  according  to  ivorldng 
oooditions,  but  the  frcmt  and  beck  rods  must  be  at  right  angles, 
and  the  4  brushes  make  contact  with  their  sectors  at  the  same 
time,  aud  care  should  bo  takea  that  all  the  wires  of  tho  brushes 
do  their  work,  and  do  not  point  away  from  tho  lino  of  contact. 

66.  The  attUdon  or  jn-nw  eoltdMeltm  nro  bnlls  or  cylindert 
with  loonded  ends,  mado  of  braae  or  of  woi^d  covered  with  foil 
or  gold  leaf.  Tbey  are  mounted  on  ioKulatine  sterns  of  ^Inss  or 
ebonite,  or  as  de^cribod  S  19 ;  in  noniti  cwww  liiu  Li^j'dcn  jura  are 
used  to  form  the  supports ;  the  oollocting  oombN  taity  he  formed 
<^  U-ehapod  rode,  or  in  seiiaruto  tuds,  vxtendinc  the  lenj^th  of 
tbo  Bocton  and  furnished  with  a  row  <i  Bhari>  points  extending 
to  within  ono-rjghth  of  un  inuh  of  the  discs.  The  ends  of  tho  rods 
should  terminate  in  IxtlK  and  it  ia  an  advantage  t<i  unclose 
them  in  an  elxmite  or  guttapercha  shield,  liko  a  >,  extending 
•«  &r  as  tlio  poiute. 

The  ditehatyin'j  rod*  are  shown  in  Fig.  t4.  asmonntud  upon 
the  prime  oonduotont.  lu  which  they  turn  so  as  to  ountrol  the 
rking  distance;  but  they  miiy  l)0  mounted  as  rods  sliding  on 
'     at  tlin  ends  of  the  primu  wnductorB.  or  they  nwy  be 
ated   no    a   discharging    table  wholly  dotAoli<id    from  the 
ine,  and  eleotrioally  conneot«d  to  tho  prime  conductors  by 
'e  wiiM  coaed  in  gntta|)ercha  or  indinni liber  tubes. 
_j  of  the  prime  oonductora  ie  in  a  +  rtute.  and  the  other  — , 
the  liells  on  the  discharging  rods  should  differ  in  siM,  the 
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4-  one  about  i  ^  inch,  and  the  —  one  ^  ioob  in  diamoter :  tiaj 
^ould  be  niftdo  to  alid©  on  tlie  eiida  of  the  discharger  rods,  ao  U 
to  W  exchangeable  fur  each  uther,  or  for  poiote,  &c.,  for  oxpori- 
mental  purposos. 

Leuden  jart  are  employod  to  iitrengtheii  tbo  spark,  OM 
attached  to  e«ch  prime  concliiolor  by  iu  internal  coating;  the 
outer  ooiitiogB  arc  ootmeoted  together  by  a  wire  in  tho  staiii 
The  dimeusiona  depend  on  the  result  detiired :  largo  jara  nvo 
long  sptirkH  a:id  huuvy  diaohargesi  small  jan  givo  uiort  but 
frecinunt  eparks.     §(«  §  8j  for  details. 

67.  If  preferred,  and  espeoially  for  use  in  moist  climatea,  the 
iDstrunient  can  be  fitt^  up  in  a  case,  which  should  he  made  ia 
two  parbi  no  that  the  horizontal  division  may  serve  as  the 
bearing  for  the  dnving  axis  oud  disc  spindle,  the  anper  half 
going  on  OB  a  oover:  in  this  form  the  discharger  sjiould  be 
attiutlied  to  the  outside  of  one  end  of  the  case. 

MachiueH  with  several  pairs  of  discs  have  been  made  to  obtun 
powerful  effects ;  in  these  the  discs  alternate,  and  are  each 
provided  with  boss  and  driving  baud ;  the  collecting  comb* 
from  a  rod  running  along  the  series  bring  the  discharges  from 
all  the  discs  together. 

6S.  The  best  mode  of  studying  the  machine  so  as  to  onder- 
fltMld  its  action,  is  to  work  it  iu  tlie  dark,  and  watch  the  play  of 
light  over  its  various  parts,  with  different  arraug^'Utents  of  the 
discharger. 

Tho  observer  will  see  that  we  have,  in  fact,  two  induotive 
cmmitA — that  of  the  field  system  along  tho  surface  of  tbe 
plates  and  the  neutralizing  rods,  and  that  of  the  external  path 
botwcQD  the  two  conductois.  If  we  bring  the  conductor  knoba 
clone  together,  we  reduce  tho  external  inductive  resistance :  tlM 
greater  port  of  the  available  electricity  takes  that  road,  and 
may  be  Kuen  Gtreamiug  into  tbe  collector  sytttem.  But,  if  we 
ojMin  tho  BjHtL'o  Ko  OS  to  get  a  long  spark,  an  increasing  change 
takiii  i^iluoe  in  tlie  ratio  of  the  two  rcnistanccs,  and  increasing 
action  is  wen  to  oe«ur  in  the  inducing  circuit,  while  that  at  tbo 
collecting  Kysteiu  is  reduced.  The  long  spark  bu,  therefore, 
IcM  cicctrii!  energy  in  it  thiiu  the  shorter. 

69,  The  s[>nrk  iippuars  like  n  continuous  Btrcani  of  lightning ; 
but  tbia  is  an  illiifiiou  due  to  "  peniiHtencc  of  vision.  It  is 
really  a  imosetiKiijn  of  sparks,  each  enduring  probably  ^u^sifth 
of  a  second,  but  following  ouch  other  nt  int«rviiU  loss  than  one- 
aixth  of  »  second,  tlie  {iitcrvulu  Ix^ing  indicttj-d  by  the  snap  at 
oadl  discharge.  When  a  wheel  rotat<«  rapidly,  all  its  spokes 
vanish  into  a  sort  of  blur,  but  tuoh  a  wheel  iw  seen  by  a 
lightning  flash  as  though  it  wcro  ut  rt-^t.    Su^  when  ft  vaomni 
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tnbo  is  nionnt«d  on  a  rotnting  appnratiM  whilo  woi 
ludnction  coil,  it  prannta  tho  appoaranco  of  a  Htati 
or  irtar;  or  it  may  have  an  appciaraiuM  of  rvvor 
BcounliiiK  to  Uie  relation  botweon  tho  speed  of  rotaU 
action  of  tho  brvnk.  Tho  infiuonco  or  frictional  ma 
abo  work  Ui«  vncunm  tnbcH,  and  in  thia  mannor  idu( 
tlon  may  Iw  gainod  u»  to  the  natnro  of  tfao  chai^^  i 
gBD»nttA. 

70.  By  mdng  linlln  (if  groatly  diflorent  eins  or  bj 
one  of  Iht!  ImiIIk.  KiaviiiK  a  point,  tho  star  and  brttu 
ie  proiliHHd,  iwd  illiidtnitcs  tlio  diffcrenoo  bi'twot-n  tfi 
aotionu  of  uleotricilv.  uiHiDiiiiii^^  tii  which  ball  is  rcmo 
the  bruiih  is  priHlucwd  at  tho  liult.  thuro  in  a  hiii 
which  is  wot  pniditctil  whim  tliu  +  diHchurgo  oouiirMi 
without  ihfveioping  t)iB  lirnHh  diHchni^. 

A  metallic  Bponge  lutt/xiliue  liknip  placed  betweei 

E'vea  remarkahle  i-fl(.s;l«.  On  worlcint;  tho  inachia 
Dap  iDsuUt«d,  a  aliglit  tendunoy  of  tho  flamu  to  1 
obaerved,  with  an  evident  hliiwing  luitiun  from  tho  ot 
the  lamp  is  connected  to  either  pole,  the  fluiue  to 
Other.  But  this  is  masked  by  a  very  mucJi  atroi 
which  occurs  when  tho  lamp  is  positive;  then  tl 
driven  in  a  bubbling  cascade  down  the  wiok  stem,  I 
more  <<tTongly,  as  thonj^h  the  beiiEoline  were  rapidly 
and  if  tho  speed  is  givat,  the  laiiip  may  even  be  e) 
by  this  action. 

71.  I  biLvo  fonnd  some  ourioiu  effects  when  ^ 
(tiloharge  through  a  sensitive  galvanometer;  ifoonni 
from  the  collectoni,  of  course  the  potential  canno 
highly,  iKMHiHse  tho  outer  circuit  carrieis  it  off;  in  tl 
deflection  increonos  with  the  speed  of  rotation : 
reBistanoe  up  to  10^000  ohms  produces,  of  conrso, 
KB  this  has  no  approoiable  ratio  to  the  air-siiace  bi 
glass  and  combs.      A  rcitiitt^QcD  of  many  megohms 

aulsite.  If  ocnn<tctu(l  frotn  one  coUoclor  to  a  thi: 
1  Itom  whioh  the  action  oooiirs.  I  found  a  di^floc 
(Ampere  -00004)  with  the  kills  in  contact;  on  Ms 
\  inch,  tin  thut  Hpurka  ci-os<(e<],  the  defection  fell  to  ie 
'OOOOoO.  ohowing  that,  uotn-itlistunding  tlie  grcatl; 
potential,  there  waa  less  (inuntity  geiieratud.  A  apii 
Btmcted  galvanometer,  with  high  i:itcrniil  iuNu 
requisite  for  Miuh  operimenta,  and  it  luuat  b< 
insulated  from  "  eartli." 

According  to  experimenta  mndo  in  Gonnany  wi 
maohinc,  the  eleotroinoti\-^(orce  waa  about   $3,000 
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onnvtant  for  all  sptscdn  of  roUUon  ;  this  latter  seems  donbtfnl. 
It  wiui  also  ftmnil  Utat  the  reaioUuoe  was  nearlj  invetsel;  pro- 
jiortional  to  th«  apu«d  of  roUtion,  hoing  3S10  megohma  at 
tao  per  miuute,  uiul  646  in^'gohms  at  4^0  revolutiona  ;  this  also 
waotaa  doubtful  It  may  lio  riurattoned  whether  tho  oidinaiy 
idau  of  «leotroiU(>tivL<-furoi^  nuJ  reflistance  are  at  all  applicable 
in  tbia  oaee :  vrbother  the  oorrent  ia  uot  a  meio  eacoemioo  of 
moleoalar  impulses,  the  oleotromotive-forco  of  whiob  ia  odd- 
trolled  by  the  cxtoditiona  of  the  circnit.  This  would  n«alt  is  • 
oorrent  proportiooal  to  rate  of  rotatioo,  for  which  tbo  rcnitiUiioa 
and  the  electroiuotive-force  might  be  t>oth  really  otntntant ;  that 
is,  the  resistanco  cannot  bo  calculale<l  by  Ohm'a  formula,  and 
the  electromotive-force  VBries  only  u  to  tbn  period  during 
which  it  ia  effective. 

p.  ELEcrROUErats,  —  The  loetrumeuto  described  S  30  onl^ 
indicnte  the  prvsenoe  of  electricity  ;  they  do  not  distiugtiinh  it 
AS  -{~  ^''  ~  •  '""^  only  give  a  rough  indicAtion  of  ita  degtee ;  bitl 
to  get  accurate  inftirmatiou.  sumethiug  more  exact  u  needed 
before  studying  tho  actions  of  electricity. 

Benlty'*  Quadrant  in  sciiroely  moro  tlian  an  electroacope,  but 
18  Diuiity  macki,  and  useful  for  iudicHtiug  high  char^fett,  an  for 
attaobiug  to  the  conductnr  of  n  machine  nt  work.  It  is  a  wire, 
carrying  a  plittv  of  ivDry  er  card,  upon  which  a  cjuarter  oirde 
of  dogret's  iK  drawn ;  a  pith  hall  hangs  by  a  fine  thread  from 
tbo  <!vntr(;  of  the  circle.  The  wire  should  he  curved  and  Sited 
witli  a  hull,  iigiiinst  which  the  movable  one  will  reat,  with  ita 
thread  cutting  tho  vertical  line  of  tlio  qnadraut.  Tbo  ball  is 
driven  out  ti>  an  extent  tlopeudi-nt  on  ito  weight  and  tho  poten- 
tial of  the  charge,  in  ratio  of  the  tangent  of  the  angle. 

Harriit't  la  a  njoro  delicate  modification,  in  which  a  wire  is 
attached  to  the  centre  of  a  circle  carried  by  the  conducting 
wire,  in  such  a  way  as  to  arrange  a  ball  at  each  of  its  ends  on 
opposite  sides  of  the  nero  line  ;  the  moving  system  is  a  wiro  or 
a  straw  with  a  ball  at  each  end,  pivoted  on  a  centre  pin,  so  that 
it  oan  rotate ;  in  this  case  there  is  not  the  whole  weight  of  the 
one  ball  to  raise,  but  only  so  much  as  the  lower  part  exceed* 
the  upper  in  weight. 

71.  ConW)MB's  ToBSioK  ELiecTiioMKTKit. — This  instrument,  br 
which  the  laws  of  attraction  and  repulsiou  were  fully  examined, 
ia  described  in  most  of  the  older  works,  but  is  little  aaed  now. 
It  consists  of  a  glass  cylinder  with  i>  circle  of  degruea  marked 
anmnd  it ;  a  cover  of  wou<l  carries  in  iu  oenti«  a  glass  tube,  on 
the  top  of  which  IK  another  luoHe  cover,  also  gTadaated ;  Croia 
this  hongs  a  silk  or  glnso  throud  carrying  a  stirrap  of  papcff,  ia 
which  can  ho  ploovd  a  magnet,  or  a  rod  of  ahellM  oarrytng  ptth 
hmlJn  at  its  eadM,  one  of  whidi  is  gill.    A.  \\o\«  m  '&»  www 
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bUowb  ■  flimiUr  rod  with  &  )^t  ball  of  same  nz«  {or  a  bar  mas' 
not,  for  DMt^etic  oiperimenta)  to  bo  inserted,  bo  aa  to  mak» 
contact  with  the  suspooded  ball,  wheu  this  is  opposite  the  sero* 
of  gnkdoatioD.  At  firat  attraction,  and  then  repolsion  oconra, 
which  ia  thon  resiel^d  so  as  to  redQce  it  to  a  Sxed  decree,  hy 
taming  t-he  npper  cover  carrying  the  fibre  ;  suppose  the  angle  of 
rvptUsioQ  bo  )5',  and  it  is  reqnired  to  rednoe  it  to  i8',  and  that 
tlM  upper  pointer  hax  to  traverse  il5°  to  effect  this.  126  +  i8 
^  144  u  the  angle  of  torsion,  and  i^ives  the  measure  of  the 
ohu^  in  the  terms  of  the  particular  instraiuent. 

74.  Ralavoi  Eliotbokbiib. — Sir  W.  Ilarris  devised  an  sppa- 
jmiat  vrhich  ia  an  onUnuy  balance,  one  of  the  pans  of  whic^  is- 
a  di«C,  bolovr  which  is  an  insulated  disc  of  tho  Hani«  niw,  whtdt 
■II  charged  from  the  prime  condttfrtor,  and  the  attnu-tive  f»roe  at 
vwriDg  diatanoes  may  bo  thus  weighed. 

Bir  W.  Thomson  has  modified  this  by  adding  n  largo  guard 
ring  i)nt«ido  th«  moving  plate,  to  do  away  with  the  effect  of  the 
unciual  distribution  at  the  edges.  The  movinKdiflc  is  attached 
to  a  Ijaliuioo  arm  by  wires,  so  that  it  plays  in  tho  middle  of  the 
larfje  fin-d  guard  nng,  also  electrically  connected  to  the  same 
■OORw ;  uudtirueath  i»  a  plate,  aa  largo  oh  the  ring,  conneot«d 
to  the  opposing  oouduotor,  i-ithor  dirMt,  or  through  "  earth," 

Heaaureiuuut  in  iditaiuod  t-ither  by  actually  weighing  the 
attraotiou,  or  by  alti-riiig  tht-  hiij-ht  of  the  lower  plate,  ao  as  to 
Tarj-  the  distance:  the  tKifeitJou  of  e<{uilil>rium  is  with  the  lower 
face  of  the  disc  exactly  le\-el  with  that  of  the  riug- 

75.  Tbokson's  Qdadbakt  Ei.BcTROMETEB.^ThifioouBiHtscflaen- 
tially  of  a  circular  plate  of  brass,  out  of  whioli  ia  cut  a  central 
hole,  and  then  two  8pace«  which  divide  it  into  four  equal  quad- 
rants, supported  on  insulating  stems  in  a  true  plane;  these  arc 
oonnectea  by  wires  into  pairs  crosswise,  and  each  pair  to  a 
terminal  screw  by  which  they  can  be  placed  in  any  external 
circuit  to  be  tested,  which  will  render  one  pair -f-  and  the  other 
—  to  a  degree  oorrentonding  to  the  differenoe  of  potential,  or 
electromotiTo-fbroo  existing  in  that  circuit. 

76.  A  dnrab-lwll  shaped  plate  of  very  light  aluminium  in 
BiKpoDdod  exactly  over  the  dividing  lino,  so  na  to  lie  fn  the 
field  sot  «p  l>ctwci>n  the  two  nnirs  of  qiiadmntn  ;  if  a  -|- 
eleotrio  cliBi^i^  i»  given  to  thin  plate,  it  will  remain  undiHturbed 
if  ao  electric  Umaion  cxiiitN  ImIwccu  the  iiiiadr»ntii ;  but  If  there 
be  any.  it  will  lie  <li<flccti;d  over  to  the  (^nadrantv  in  a  —  con- 
dition,  to  a  diTgmi?  controlled  by — 

Lt.  The  diffvrcuoo  of  potential  Mt  up  in  the  pairs  off 
quadrants ; 
J.  The  def^ree  of  charge  given  to  the  needle ; 
3.  The  reaistance  offereil  by  the  aumjotunftVi, 
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77.  The  needle  is  uamaUy  carried  by  nn  alnmin! 
ivhioli  is  also  fixed  a  small  mirror,  which  gives  tl 
«  lamp  and  scale,  exactly  as  in  the  refiectiog 
to  be  described  in  the  chapter  on  Meaanreioen' 
ttiispeuded  by  a  aiogle  fibre  of  d])c  or  gkas,  in 
enuiU  magnet  is  attached  to  the  mirror  and  a  coi 
net  carried  by  the  Bwpporting  tubo,  as  in  the  gal 
it  may  \>e  carried  by  a  bifiJar  siifipensiou,  coo 
iibree  attciched  to  a  nhort  rod  on  the  central  wire, 
through  a  tiilie  to  a  support,  as  in  the  torsion  in 
This  eiipjiort  may  be  of  vaiying  compiciity  to  a^ 
ment,  by  tightening  one  or  l:«th  fibres,  or  of  00 
diHlanou  apart. 

78.  This  being  the  fiindamental  description,  tl 
may  v«t  aeoonlinK  to  the  delicacy  deairod  and  1 
able.  The  mere  jilate  of  quadrants  may  be  el 
double  plate  in  a  ring,  so  as  to  form  a  cbambei 
needle  floats. 

la  Edelmann's  construction  the  flat  discs  are 
Tertical  cylinder  cut  into  four  eegiuentd,  aiid 
similarly  made  of  two  vertical  segments  of  a 
together  by  wires.     For  cheapness  and  ease  of  c 
Rmalcurs,  metal  might  tio  roplaced  by  thin  card  1 

79.  The  clui|;e  may  be  given  to  the  needle  in 
it  is  usually  given  I^  mouis  of  a  Leyden  jar 
TOMel  of  Bulpnnrio  BOid  under  the  disc,  into 
platinum    wire   attached    to   the   needle   dips. 
«li»bomte  inHtniraenIs  this  Leyden  jar  forms  tl 
instmnient,  and  is  made  of  un  inverted  glass  s 
part  of  tlie  gtolio  of  which  is  coiited  with  foi! 
diilphiiric  add  forms  the  inner  coating,  and  also 
the  air  within  the  in^tmmt^nt.     An  ebonite  co 
(juadnnts,  suppoited  below  it,  and  the  other  fitt 

A  revleniihir  is  used  to  muiutain  l.he  charge,  ^ 
a  anujl  influence  machine;  and  an  indicator  tA 
charge  is  altto  employed,  which  is  a  small  Wtan 
of  type  S  74.  Tliese  ap]}Iiances  make  the  inetmni 
that  IS  lo  say,  its  readings  are  not  merely  propor* 
actual  value  in  units  of  mottsiiroment  can  be  as 
once  the  intensity  of  the  electric  field  produoed  i 
is  known  j  this  can  be  measured  by  giving  a  ki 
of  potential  to  the  quadrant  system. 

Ha  Wkiout'b  is  a  modification,  useful  in  many 
employed  at  the  llrighton  Lighting  Station,  It  e 
of  ebonite  on  j  levelling  sciews,  carrying  on  c 
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f  kiilney-Bhaped  plAtea,  tonaiaz  n  oonicat-Bhaped  oliamber  in 

rhich  the  needle  puys :  the  novalo  in  a  dUo  moonU-d  ou  a  light 

od  Tory  deli«atel;  pirot«d  by  an  nxiii  aliKhtly  incJiu^  fn»a 

ho  vortical,  aa  also  ts  th«  oliambcr  in  whicE  toe  noodle  play«. 

.Iio  iioodlQ  haa  a  light  noD-motaUio  ptnnter  oxteodiDg  MjTMid 

be  dumber,  and  play- 

Dg    over   a  scale,   tbe 

«ro  of  vrhich  is  at  the 

ridar  end  of  ih©  oham- 

«r,  which  ia  also  the 

ower.   When  the  cham- 

ler  and  the  nvedle  are 

ouneoted  to  tbo    two 

lutB  to  be  tested,  an 

ttautioti  is  set  np  ^ 

h»  BUTOwet  part  of  the  ehamber,  which  attracta  the  needlo 

nto  it  against  grariuUon,  the  deme  oT  which  rvmstanoo 

lapends  on  the  indinatiou  givuu  to  the  syBtem.  and  may  also 

16  controlled  by  a  c<innt«rpoiao  carried  on  the  farther  arm  of 

he  needle.    Pig.  t$  will  mqdain  the  oonHtraction. 

8t.  BoHRBJininuiEit'H  ELECTBoaooPG  iiaii  the  advantage  of  indl- 
•ting  the  •f  or  —  nntiiro  of  the  chaise :  it  oonsista  of  two  con- 
tlw(oc»  nmntained  at  oqnal  opponite  polaritiee.  Between  thorn 
kaags  •  gold  leaf,  or  a  wire  with  a  gilt  pith  ball,  suspended 

0  •  knob  from  which  it  can  ba  oh&i^ed  with  the  electricity  to 
m  McanuDed,  and  which  aan»ca  it  to  be  attracted  toward§  tho 
pposttely  charged  conductor:  a  scale  can  be  placed  btthind  so 
S  to  mad  the  angle  aa  in  other  inetrameuta. 

In  the  originu  instrument  the  charge  of  the  two  conducton 
!•  mnintained  by  me^ns  of  a  "  diy  pile,"  but  uny  constant 
mroe,  anch  as  a  series  of  small  galvanic  cells,  can  be  used. 
8s.  Dhv  Piub. — The  name  ia  erroneonB,  because  they  ai^  fa 
Q  intents  i^vanic  latteries  of  onormona  leelstiuice,  dev«loniniS 
igh  potential,  and  not  meant  to  generate  a  ctutchI  :  but  they 
■ork-  purely  hy  chemical  action  duo  to  the  moiidui-o  contftim^ 

1  lliem. 


VMzious  maUiriAlx  may  bo  oaod :  tino-foil,  paph-  snd  eor.    <■- 

rO  iMt8t«d  togeth^T  will  servo,  Imt  the  b&st  ia  co,, ''™«,d  of  \i"'~ 

r    tJn-foil  paal«l  k.  paj.cr.  the  other  side  of  wi^Tin  rW??^ 

■ith  finoly  powdered  oxide  of  niansanese ;  it  ia  .    ■  i  thj.t  C   ''^ 

bottor  .tan  paste:  *fter  drying  moderately,  ^^•'^SroV'^^V" 

eoti)    »w   luid  ut  regnlar  order   over  cacli       *"       .nd.      '^^''rfi 

moliea  ontof  thoiD,«y  I  inohindifttneter-    r^tti^^'-irv      <\\*^ 

.    tUe   naml«r  of  aevera)  hondrwl  pairs    in    ^tie**   JaAI^-^-u'^ 

tt«d  with  brass  ends  tighUy  fixed  over  iho^^.  if^  Sa^    V 
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TOBemblee  a  magnet  in  Iiftvinz  poUr  ends,  and  would  mani&M 
the  same  linee  or  force  as  the  oar  magnet  doea. 

Such  piles  have  a  permaueut  charge,  +  at  one  end,  —  at  tli> 
other,  and  vrill  act  uponelectroaoopea;  or  if  formed  likeabora^ 
shoe  magnet,  with  a  ball  or  gold  leaf  suspended  Vietweeo  the 
poles,  will  tunintiuu  a  steady  vibration  of  this,  ringing  a  bell, 
Ac.,  for  years. 

But  6iid1i  a  uae  of  Lhem  eventually  destroys  their  power:  it 
is  devolopuig  a  current  fkim  them,  which  needa  a  sopptj  of 
energy ;  tliey  might,  however,  prove  useful  for  some  ezMil- 
mcutal  work  in  which  a  prolonged  miuute  current  ia  iemti, 
u  they  would  require  no  attention.  But  their  proper  um  t»  tO 
maintain  a  "  field  of  forco  "  between  their  poles ;  or  to  serrs  u 
an  electric  waud  or  touchstone. 

8i.  The  Leydbn  JAR-^This  instrument,  accideutally  invented 
without  atiy  knowledge  of  the  priuoipleei  it  is  dej^ndcnt  on,  is 
A  receiver  or  reservoir  of  electricity:  it  wius  originally  oon- 
ndered,  mid  is  still  often  described  as  Uiough  it  were  n  bottle 
to  be  filled  with  oue  electricity,  aud  ^iTuvidua  the  true  vipigoar 
tion  be  well  understood,  some  advantage  may  be  obtnined  &om 
this  view.  The  jar  has  "  capacity  "  aa  a  Ixrttle  baa  for  a  gas, 
and  as  with  a  gas,  the  "  quantity  which  oun  bo  aterod  in  it  is 
proportional  to  the  pressure  and  also  reacts  in  the  form  of 
pressure  or  tendency  to  escaj^ic  iu  proportion  to  the  quantity 
contained.  But  the  storage  is  de]ieni1ent,  not  as  with  floids 
Dpon  the  capacity  or  Hize  of  the  vnacl,  but  on  the  "  inductive 
oapacity  "  of  tho  mnlcrial  of  which  thr.  nettel  i»  compoaed.  There 
ifl  really  a  strict  analogy  bt'twovn  the  Lvydon  jar,  the  secondary 
Initeiy,  and  the  primary  battery  :  they  ai<e  all  reservoirs,  not 
of  a  myKterionis  entity  called  elMtrioity,  but  of  energy,  potential 
as  chemical  affinity  in  the  Imttcrioe,  and  as  molecular  8tr«M 
in  tho  jar ;  the  platu  or  pane  form  of  the  jar  makes  this 
analogy  more  ujiparcut,  Ixx.auar  such  charged  plates  can  bo 
connected  up  for  dilTerent  piirpones,  just  ns  those  of  batleric" 
are.  The  bottle  form  was  Accidentally  used  in  &n  experimentas 
to  the  actiou  of  electricity  im  wiitcr:  it  is  the  best  for  elec- 
tricity at  high  potential,  becauwo  its  closed  form  gives  meet 
noBtasGo  to  discharge.  It  consiirts  of  a  gla^  or  ebonite  jar, 
ooverod  inside  and  out  with  tinfoil,  except  at  the  upper  part, 
where  the  surface  should  be  varnished  ;  it  should  have  a  cover 
of  insulating  material,  in  the  centre  of  which  a  br&ss  knob  forma 
tho  conductor,  cwnntscted  to  the  inner  foating  by  a  wire  ter- 
minating in  a  soft  wire  brush  or  piece  of  met^  chain.  Sheets 
of  gUas  or  ebonite  coat^xl  on  l>oth  sidetf  may  be  used  moontod 
in  a  frame,  but  will  not  liear  so  high  a  strain  as  jars.  Bitbor 
Lform  may  lie  combined  (lik<!  galvanic  1>atterics)  for  "quantity" 
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I  multiple  un^  or  for  "foTvr>"  in  ai-HcK.  AliK>,toolituii 
litioa  from  tho  vthor,  thoy  mfty  be  cJinrgod  from  « 
wvrer  aonroo  m  oho.  «Dd  Umii  oonnoctoit  fur  >lu«chargo  tti 
I,  or  th«;  moiybo  ohftrgvd  ia  htim,  frnm  a  pgwvrful  Kmroo, 
flitchrgcJ  as  ono  for  quantity.  Thu  lucd  in  ba  called 
'  gg  in  oundo." 
iR«!(9EHi. — TbcM  arc  nwd  for  r«coiving  ch»rgv»  of  « 
itikl  Aod  u«  of  mHoli  value  in  cable  tologntpby,  and 
luctiun  coil* ;  tbuy  will  not  boar  Teiy  high  cbargM, 
nuict  ooovcDieatly  dcMcnbed  here,  bccanso  iboy  arc  in 
lipt«i  pnra  Leaden  jan.  Thoy  oonHiet  of  aheots  of  some 
~*~~  CQ*tod  with  tinfoil  ooniiioclvd  altt^nialely  to  tho -f 
ninnla.  Uica  ia  found  to  beODo  of  the  beet  luatcriala. 
kted  with  itbelluo  ia  aometimcc  need,  bat  on  the  wholo 
,  paper  in  be«t. 
:  beet  modo  uf  (XmHtrnctiun  is  to  cut  up  the  tinfoil  into 
■■  of  tho  n«i  di,i«ii«d.  iuiit  to  muko  two  piles  lilco  the  leavM 
"cok,  tfa«  one  repre«euting  tho  oat«r  coating  of  a  jar, 
nng  one  ih«et  tnoro  than  tfav  other,  which  r^preeenta 
coating :  upon  th«  ostromo  end  of  oaoh  of  th«(w  piltia 
t«  tioDod  wire  or  strip  of  metal,  and  by  meauH  at  a 
nog  iron  run  nil  thi?  (.-dgv*  together  so  as  to  iual«»  n  perfect 
'tio  counction.  The  foil  Hhoi3d  bo  well  liftked  and  warmed 
fftbont  to  be  n*ed,  to  drive  oft  all  nioiatare  from  the 
of  the  metal,  and  it  in  well  to  rub  each  l«af  as  it  ia 
I  with  a  dry  warm  cloth.  Cat  Hhoets  of  paper  lar|^ 
I  to  allow  ft  margin  uf  at  Icwit  no  inclt  roond  three  ddea 
ie  foil.  Tho  {Mipcr  should  lie  thin,  not  highly  glazed,  and 
'1  show  no  luiid  reaction  by  reddening  when  njoisteniid 
[oentral  solution  of  Iftmun ;  it  sboald  be  baked  thoroughly 
ced  in  a  vcasel  of  patmffin  kept  well  over  its  molting 
ad  then  drained  elicct  by  slivot  as  smoothly  as  possible. 
t6  will  explain  tho  pnioww  of  constrnctioQ.  Place  on 
able  n  wdl-bakcd  piouo  of  wou<)  of  the  same  siie  or  larger 
~ha  paper,  its  ntx  soalc«d  with 
1  and  a  shaet  or  two  of  the  paper 
it;  opon  this  place  the 
■''  pile  of  foil  with  ita  hoidei-ed 
onewhnt  projcotiDg,  and  all  its 
tnraol  back  except  the  lowest 
which  is  to  bo  rublivd  amoothly 
.  the  paper;  lay  over  this  two 
of  the  papor,  and  on  tho  too  of 

other^k  of  foU.  s"  placed  that  it  lies  e«otly 
Be  first  sheet.  vx«.pting  for  the  margins  at  the  oppo«te 
torn  back   as  with  the  other  all  its  leavoa  «(»1lA  Gift 
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firet,  mill  iipnii  this  ptnoo  two  gh«et8  of  p*por ;  eoctinno  thit 
proousa,  laying  back  upon  tliu  ]>Bp«r,  shovta  of  foil  from  tli«  boob 
iiltemntely,  nnil  Ixitwoci]  cauhfai)  twoithetteuf  itMixn";  wIi«Dtlw 
wliolu  »ru  iu  pliiCL',  (luvur  with  tiro  or  thruc  slivuta  of  ]>apor  Koi  ■ 
bonrd  like  tlie  first ;  Uio  whole  slionl<l  then  bo  oonijirumed  fav 
olumps  VT  by  bctuws  pa&eiiig  thruiigh  tliv  two  bottida,  on 
waruKHl  up  to  (ho  luelliug  point  of  pftmffin,  increiMiinK  ths 
preemire  to  drive  out  all  excuiut.  Th«  fint  board  HhoQM  fa* 
proviiled  with  u  bindiug  screw  at  each  end,  and  llio  wire  of 
the  cum-.ipundiug  set  of  foils  soldered  to  it.  But  the  tcrmiiult 
are  natiiilly  CMiiupoHed  of  biaea  blocks  on  the  upper  part  of  a 
case  cotituiiiiug  the  coudeuaer,  fitt«d  with  conneotianit  for  aaa 
ftiid  ao  pluoed  that  when  not  in  actinQ,  the  oondeuser  cma  faa 
ahort-oireiiit«d  to  e«oure  complete  dischar];;e.  It  is  deeinlileto 
keup  u,  delicate  (galvanometer  and  a  battery  in  circuit  throi^ 
the  Here«  h,  mi  that  if  there  be  accidental  circuit  couta<:t  dntinj; 
the  process,  the  ^^alvanomoter  will  at  once  show  it.  But  it  mut 
not  be  forgutteu  that  melted  paraffin  has  ooDuderaUe  ooa- 
duotivity,  as  also  has  shellac  vamiah  until  perfectly  dry. 

S5.  Chxros  and  Ibductios. — We  csn  prodnoe  two  effeott 
upon  a  gold-leaf  eleclroiueter  or  a  pair  of  suspended  pith  Wlls. 
Ii  wo  rub  a  piece  of  ebonite,  and  approach  it  to  the  knob  fruoi 
which  the  leaves  or  bulla  are  suspended,  they  gradually  mat* 
apart;  if  contact  is  wade,  or  if  we  counect  thu  knob  to  th« 
tiondnctor  of  a  machine,  the  leaves  remain  apart  when  the 
OODtact  is  broken  and  the  electrometer  is  left  ieuhktod.  Tbv 
lo&ves  ari)  then  siiid  to  be  electrified  or  lU  a  ooudltion  oteharye. 
The  Mime  condition  is  produced  iu  any  body  which  htw  boon 
thus  placed  in  a  circuit  from  an  eleolrio  source,  ao  u  to  effiwt 
what  wu  may  call  a  Irann/tr  of  vlrctricily  to  it.  The  rt&t«  of 
aO^irs  producud  is  tiudi  as  wuuld  arise  from  the  deposit  of  sonw 
ageui,  and  this  apparent  elTeot  was  the  origiu  of  the  fluid 
theories  of  electricity,  and  of  the  supposed  lavra  which  are  still 
btaid  to  govern  the  distribution  of  electricity. 

If  wo  ajuiroach  the  ebonite  to  the  knob,  but  not  so  am  to 
touch,  thu  loaves  diverge,  but  on  removal  of  the  ebonitu  they 
fall  togvthcr  again,  and  show  no  trace  of  electricity  upon  Uiom : 
whil»  diverging  they  had  electricity  upon  thorn,  but  this 
temporary  charge  b  said  t<>  be  an  iuJuwiJ  etiarge. 

i  urther,  if  the  leaves  or  balls  are  touched,  while  thus  di- 
verged under  the  induoiug  iuflueuc«,  then  Upon  removal  of 
the  inductor  they  continue  divergent.  This  ia  said  to  be  do* 
to  an  induced  cAaryc  of  the  opposite  nature  to  that  of  th* 
iodnctor. 

The  diT«rg«iioo  of  tlio  Icavca  or  balla  is  said  to  be  duo  to  » 
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mniMve  force,  doo  to  the  wlf-rapnlsTe  natnre  oT  «Iwtricitiea 
or  iIm  nm«  nftmo,  with  whioii  each  u  diarged.  Thrae  three 
idns.  (Siarfft,  Iiubiction,  Force,  whtiu  clearly  worked  out,  explain 
the  whole  of  the  etatic  liotiona  of  electricity,  and  we  niiut  dow 
males  a  nreliiiuiiaiT  study  of  the  tenna  arisiuf;  frani  them, 
leaTiii^  the  priuoipfea  to  the  fuller  examinatioa  under  different 
heeds  in  eiiooe«diu|(  chapters. 

86.  Laws  of  ArniAcnos  akb  Rkpi'lhiox. — Both  these  eSecta 
«ber  the  same  laws,  and  are  alike  affected  by  distance  of  the 
somoee  asd  onantity  of  charge. 

Ditlanet. — Taking  tha  same  flgam  m  in  I  7)  whore  18°  re- 
quired i44of  tornon  foroc.  if  the  balls  beapprouched  to^'tlM 
upper  P^ict  will  more  throngh  %6^%  and  this  -{-  9°  i*  a  toreo  of 
{76.  We  hare  thos  three  custanoee  to  compare,  9°,  18°,  )6^, 
which  are  in  the  ratios  of  l,  a,  4  :  but  the  oorrL-Hponcling  forc<<9i 
are  )6,  144,  576,  the  ratios  of  which  are  1,  4,  16.  Hcnco  wc 
leani  that  the  repalsive  force  between  two  tiodiea  mmilarly 
electrified  varies  inwrsely  at  the  square  of  1A«  AUUmce. 

QuaiUilj/. — If  the  instrument  be  now  cJunred  a*  Wrore  and 
the  force  meosared  at  a  fixed  dtstanoe,  and  !r  the  fixed  hall  bo 
now  removed  anddischargcil,  when  replaced  it  will  again  divide 
the  charfra.  which  will  be  only  one-half  of  «hat  it  wiw  iKjfonj, 
but  it  will  be  fbnnd  the  /ony  is  only  ono^uarter  of  tlic  former 
force:  if  the  procosB  bo  repeated  the  quantity  or  cliarge  will  Imj 
reduced  to  ono-^nartcr  and  the  force  to  one-six  lee  nth.  Tliig 
pTores  that  at  equal  distancee,  toe  force  between  tivo  aimilarly 
electrified  bodies  varies  oa  tlu  product  of  (Af  quaniitirji  nf  Ika 
Aarget.  When  the  quantity  is  rviual  and  o|>|)OHil«,  the  rwtnlt 
ia  that  the  attractive  fore*  is  as  th*?  square  of  the  tjuaiility. 

Combining  the  two,  the  forco  is  -^^ — .     Now  is  the 

law  of  gravitation,  the  ntlraotive  f<»ve  being  as  the  prudnot 
of  the  masses  in  gravitation,  and  of  the  quantiijw  iu  electricity, 
and  in  both,  inversely  as  the  Bqnares  of  the  dbtancea, 

8-.  QcAirrrTT, — This  apparently  «iin^lo  term  is  moat  diffloult 
to  define.  In  currents  we  bare  a  cb^Rnito  mcamim  for  quantity 
in  chemical  action :  there  is  nothing  liku  this  in  static  eloctncdtya 
Static  electricity  deals  only  wilh  fort-e  and  energy :  there  ia  no 
static  "  tjMMiity  "  existent,  only  an  attriKtion  ;  w>  tliat  while  WO 
^keak  of  static  quantity  wo  can  only  dcRno  it  in  t<:rmK  of  furoe  : 
it  means  the  force  acting  within  an  area  or  »]««;.  As  will  he 
seen  when  the  system  ofnnits  is  stTidiwI,  there  are  two  i^Htoms] 
of  meaBorement  of  •O'Wlled  "  qiuiulity  " ;  npon  tho  olootro- 
static  patent,  tho  anit  quantity  ia  that  wkifh  at  on«  uni'l  of 
JUtbMmee  repd*  an  ejaol  rimilar  quanHty  with  unit  foKC.    lu  tb) 
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C»ntiiii«tn>-gramiiie-aeooud  or  C.G.S.  system,  unit  qnitntit;  is 
tlut  which  ut  tli«  disUuce  of  i  oemtimetjio  exerts  a  foroo  of  one 
dyne 

The  most  ntin factory  ixiiiception  of  tliis  is,  a  line  of  forct, 
wbicli  we  may  niutunuHzo    us   a    straiDotl  spring    uf  defiiiod 
itrengtli  -.  but  fi^r  purixxtuti  of  calouUtiua  and  expcrimtmt  th' 
conception  of  iv  fluid  uullod  electricity  (ttiou^li  crrone<)ua  ar 
nusleuding    in    mauy  otbiar    ctutos)  ucewcra  tue  riiquiremfiD 
That  ia  of  cottroe  how  the  fiuid  hj'pothusis  came  to  be  devi 
when  thcMc  phenomena,  to  which  it  fit«,  were  all  tfant  wne  kn 
of  electricity. 

The   units  just  luentioued  will  be  fully   explained  in 
chapter  ou  Meftsurcmeiit.     At  present  the  aiuipleet  oonoep 
of  (luuutity  will  heat  Hervo  the  pnrposo  of  the  itndunt,  snr 
the  cliarges  taken  by  k  suiall  jar,  which  is  in  fact  the  o1 
Static  unit,  which  inay  be  dafiuud  also  as  the  quantity  oon 
on  lui  isolated  epnere  of  i  oeutimetTe  rudiua  in  air,  untf 
Pohntiut ;  for  the  imaginary  fluid  acta  like  gasea  ;  juat  t 
rary  in  (quantity  in  a  receiver  as  the  preasuro  varies,  or 
tity "  or  charge  varies  in   the  ratio  of  potential  ii 
leceiTw  or  condenwr.    Klectroiuotcrs  only  meaeHro  qwi 
meana  of  thin  relation ;  their  action  is  due  directlj 
potential,  and  altnctions  in  the  field,  or  inductive  f 
which  they  fonn  a  portion. 

88.  Density.^ This  t«nn  repreeente  the  "  qnantit 
area,"  that  is,  the  number  of  lines  of  force  or  unit*  of 
ooocetitrated  upon  a  unit  surface.     Density  is  vquol 
of  a  sphere  at  a  great  distance  from  siirrouudiu 
■arrouudod  by  a  concuntrio  sphere :  it  is  equal  al* 
of  large   plates  opposed   to  each   other  at  a  •' 
Where  the  distance  of  surfaocs  is  not  equal  at 
density  is  greater  as  the  distance  between  tlie  c/ 
is  lees,  that  is  to  sny,  the  denuty  is  iurerscly  at 
reeistanco.     As  a  conaei^nenoe  it  is  greatest  at 
pc»nts  or  edges  :  thin  is  due  to  two  causes :  (i) 
of  force  can  form  from  any  surface  as  oau  pas 
opposed  surfaocs :  from  a  sphere  this  is  alike  a' 
'oone  will  have  its  capacity  for  lines  of  for 
length  inoroostia,  while  at  the  point  it  will  ) 
whole  opposing  area  except  that  of  tho  cone  I 
law  of  inverse  square*,  owing  to  which  the 
OO  oooh   part  of  tho  surfnco   increase   at 
nduotiOD  of  diiitanoo  duu  to  the  projeotiou 
hooks,  U>   give  picturuo  of  epberes.  elli; 
dotted  linen  surrounding  theu  to  illuali 
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some  say  the  depth  or  tho  stratom  of  electricity  on  tho  vftrionii 
pwto.  Thwe  ATv  miBloading,  beoause  they  i^ore  the  runiU- 
BMobtl  tad  that  tho  distribution  does  not  depend  ou  the  fonn 
of  tbo  oharc^  body,  but  npon  tho  pouitiijo  of  toe  equal  oppoiii to 
filHU|;e,  which  is  i&aopiirablQ  from  it.  Some  bookx  endeavour  to 
coootenict  thin  by  nay  tne  that  th«  distribution  shown  la  currvcl 
only  wh«n  tlic  chargc<l  bodiea  are  at  a  great  diatauce  from  all 
otbor  surfncee.  It  upponrH  hotter  for  tho  Btudent  to  look  at  thti 
genera)  truths  involved,  that  is,  to  examine  the  dieluotrio 
to  which  tho  iiurfaces  are  electrodes,  and  the  length  of  the 
linen  of  force,  rather  than  a  meio  isolated  oxampht,  because 
that  bappe:ied  to  be  what  presontod  Jtsolf  to  the  early 
obeorveni. 

In  the  case  of  two  oonoeutno  splmrcH  oppoeitely  charged  it  is 
evident  the  densities  must  bo  inversuly  aa  the  Kijuaros  of  tho 
two  radii,  because  this  is  the  ratio  of  urena  or  surfucM  of  tho 
Rpheres.  Now  in  the  case  of  a  Htnglu  uharged  Hphem  in  the 
middle  of  a  room,  we  may  regard  the  surroundine  wuIIm  m  a 
Bphsre.  and  if  tbo  radius  of  the  hall  is  t  inch  aDif  that  of  the 
wftlls  6  foot  (ij-foot  room),  or  7a  inches,  it  is  evidojit  that  lli« 
dflOBity  upon  any  part  of  tJio  walls  will  boas  72*  =  jiS4iEt  toi. 
ThlB  IB  the  reason  that  this  opposinj;  charge  was  so  long  un- 
discovered and  is  in  ordinaiy  cases  inappreciable. 

When  the  density  exceeds  a  degree  van,-iiig  with  the  nature 
of  the  material,  the  dielectrio  breaks  down  ami  discharge  ocoura  ; 
this  maximum  density  for  air  is  about  jo  oh.ctro-static  units 
ftr  aquare  centimetre. 

89.  Foacs. — This  is  tho  exproseion  in  all  muchanioal  opera- 
tioDH  for  the  oapaoity  to  prodnco  acooh-rntion :  but  in  statics  a 
force  is  measorcd  as  a  prfttvrc  or  n  pull.  We  have  aiich  a  force 
in  electricity,  but  it  is  not  what  i»  called  "  electromotive- force." 
The  force  in  electricity  ia  oxpreiwvd  by  the  Otrnin  set  up  in  a 
dioloctriv,  and,  bv  'ho  atlmctionn  and  repulaioiin—tlie  :iiotions 
it  can  cause  in  a^iody  under  it*  influence 

AUraclion  is  the  true  cridonco  and  action  of  the  force :  thia  ia 
evident  from  the  fact  that  the  normal  condition  of  electricity  is 
with  oi^ual  opposite  +  and  —  facing,  and  in  this  state  the  fall 
fuTOo  is  mwiifwted  an  atlraciiun,  which  mcaeurca  the  effort  to 
iinitA,  or  to  go  a  Btep  further,  the  effort  of  tho  energy  stored  as 
deotrioity  to  paw  into  the  form  of  heat. 

B^Imm  w  an   indirect  action  of  attraction :  nowhere  in 
Baton  can  there  bo  found  a  rnpiMtt  force  ;  there  are  repellent 
Mtions,  which  are  simply  tTHiutfers  of  motion,  as  when  ono 
billiard  ball  HtrikcK  another  ;  or  else  thet  «.*^  «*A«wa.  'A  ^  ^-^^^^ 
^  of  force,  aa  lu  th»  (a««  tX  m&^ii'aiHa..     b*  ■<^'««  "^  ^^"^^ 
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Hccoiiil  Bwrface  somewhpro,  clii»rgr<l  with  opposite  electricity,  the 
■ujiiirent  repulsion  is  r«ally  nii  utttuctum  towards  that  surfncc; 
AH  vvery  charged  eiirfitoe  is  a  lioiiiKlary  of  a  field  ot  force,  ui 
wliitli  Uiies  of  directive  unergy  uxiNt,  no  auy  body  froo  to  more 
ia  tbe  field  movos  jii  the  dtruction  of  tltose  lines. 

Motion  of  any  kini,  whetlior  to  or  from  a  surfaoo,  always 
lucans  a  reduction  of  the  induutlve  reaista&oe  or  a  traiutfer  of 
energy  along  thu  lineH  of  foroB, 

The  action  niuyhc  triiut^l  by  Fig,  17.  +  +  are  two  nimilarij 
oborgod  Biirfactifl,   whilo  —    —  are  wuroanding  snrfawii;  the 

outer  arrows  tthow    tho  direction 

of   the  forces   from    oacb  +   to 

each  — ,   while    the    two    small 

arrows  show  the  noutraliM-d  etat* 

of  the  space  enclosed  hy  +  wd  +, 

a  and  b.     Inasmuch  nit  attntctico 

varies  (S   86)  as   the  K(|nan  of 

the  distanco,  it   w  evident  that 

the  poll  in  the  direction  ahown  by  the  long  arrows  must  be 

greatly  inferior  to  that  of  the  short  one  to  the  nearest  — ;  hence 

an  appatvnt  repulsion  between  +  and  +. 

Fur  puri>oseti  of  calculation  the  mathematical  system  of  tnal* 
ing  Hticb  different  actions  as  +  and  —  forces,  is  of  oonrvo  ood- 
venient.  So  also,  althongh  it  is  not  powibl«  to  have  nnixina] 
qtiautitiee  of  electricity  noally  rolatod  to  each  other,  rot  it  is 
ooDvenient  to  treat  the  dilTorcnt  par<«  of  a  complioat<.-d  mirftoe 
aa  thou){h  each  +  and  —  cbargn  were  nn  ii«>Int«xl  thing.  Tliat 
is  to  hay.  if  wo  have  a  +  olmrge  =  5  Find  n  —  ehiiri^e  =  j  thrn! 
is  somowhoro  anotbor  —  charge  =  3 ;  the  true  condition  in  that 
thoro  exist  two  diatinot inductive oironiu  J  +  —  J  and  2  +  —  2 
which  are  anal()gou«  tu  derived  circuits  in  cuirentu,  bat  tra 
may  include  the  athoi  of  tbe  otlier  circuit  by  oilciilutiug  the 
actions  us  due  to  +  5  and  —  ),  and  referring  tooir  aotiuua  to  aa 
artilicin)  datum,  or  earth. 

Furco  vuricH  aa  tbe  square  of  tbe  distnuce  wheat  exerted  from 
a  central  i>oiut,  an  a  ueoesaary  consequence  of  radiant  action, 
becuuM  spliercB  vary  In  enirfaoe  areana  tbe  squares  of  their  radii. 
But  in  flat  plates  pro|)erIy  guarded,  as  in  the  lialauoe  eleotn^ 
meter  j  74,  the  Httractiim  is  as  the  dittance.  But  though  we 
have  thus,  dinlanev  simply  in  one  case,  and  vguare  of  ike  diaUnee 
in  the  other,  the  same  law  ia  operating.  Tiie  flat  jilatea  are 
equivalent  to  parts  of  the  aiirfuce  of  wry  large  spheres,  and  the 
aoloal  dintnnoo  apart  bearing  no  relation  to  the  length  of  the 
imaginaiy  mdii,  the  diSerenoe  of  the  squares  of  tbe  two  radii  is 
practically  er|ual  to  tbe  distance  apart. 
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Heooe,  Fane  r&rka  aa  squaro  of  Quantity. 

„  „        square  of  differanoe  of  Potential. 

„  „         ioversely  as  square  of  diatuucu  from 

centre, 

90.  Tkmsiom, — This  term  had,  ia  the  [MWt.  mora  tliao  ona 
mMaisg,  and  hne  nearly  passed  out  of  use,  though  oooaaionally 
gmplojed  in  the  sonse  of  "potential." 

According  to  Fleeming  J«nkin,  "tension  is mtsa«uri-.I  in  units 
of  force  per  uoit  of  area,  and  is  pmportioDal  to  the  si^uare  of  the 
ilenBity  c>D  the  element  of  surfacie." 

The  ooininoD  mddo  of  the  word  is  i>i&neoted  to  a  pull  or 
uttraolion  ;  Clerk-Maxwell  dofiuos  it,  "  The  tension  of  so  many 
pouudn'  or  grainii'  weight  on  the  srjunre  fixit  exerted  by  the  nir 
or  oth<ir  dielecitrio  iiiodium,  in  tliu  diruction  of  tlie  eleclromo- 
tiTe-foroe."  ThiK  nioaus  that  tensiou  is  the  "  stress "  on  the 
dielectric,  and  iu  iIlIm  neuse  it  is  occasionally  used  iu  these  jiagea. 

91.  PoTBim*!.. — This  term  is  very  gt-iierally  employ^  in 
electrical  works,  because  it  sounds  diguified ;  but  it  is  vei^- 
ooiumoiily  misuiiiployed  and  still  mare  oomiuoiily  misuiiderHtood. 
It  is  used  propgrly  and  advantagooiisly  iu  the  more  abstract 
InvoatigatioDs  of  "static  «Icotncity,"  but  intpioperlyia dynamic 
elaotrioi^  in  the  pla<::o  of  eloctroiootivtKfbrce.  The  denDitiooi 
Qsnally  given  of  it  nrrii^iit^t  nnint'Oligiblo  to  the  ordinary  mind, 
•nd  only  cwibo  confuiiinn  of  thought.  For  instance  theoommon 
definition,  7'lte  potmlial  at  any  paial  t>  the  work  tehieh  mutt  bf 
mcnl  upon  a  unil  ofpii*itivc  tlnclrieitt/  in  hringing  it  up  lo  that  point 
from  an  iiifiniln  iluianee,  itivolvamevdrui  false  iuK9iimptignn  and 
iiiooiioeivubte  iduun.  It  iH  imiMMinilile  tu  bring  anythinj^  fmin  an 
iafinile  dintancD;  and  it  is  impooMble  to  bring  unit  jioniUve 
electricity  anywhere,  irrespective  of  its  negative  c<uiiut«rpart, 
which  the  dofluilion  treats  as  non-existent.  In  a  dinounsion  of 
the  Bubjoct  in  the  pa^ca  of  the  EUetridan,  Clerk-Muxwell  said, 
"  The  tiioory  of  electrostatics  is  greiatly  siiuplifled  by  the  intro- 
duction of  this  new  concept  of  potential,"  "  As  soon  as  wo  pass 
from  electro-statics  to  other  departments  of  electrical  science  wv 
find  that  the  concept  of  potential  is  no  longer  available,  oxoepl 
when  nsed  in  a  rceirictod  sense  and  under  eniufuUy  defined 
OonditioDS."  "  In  other  parts  of  eloutrioal  science  we  have  to 
deal  with  elootiomotiTO-force  in  vases  wheie  'iwtential'  and 
ooDBeqaently  'potential  diffon-'nce'are  words  without  meaning." 

Professor  Bayoos  said  tliat  potential  is  the  $quare  root  of 
fort*, 

I>r.  O.  Lodge  dolintMl  the  "pi>teutial  of  a  point  as  the 
potential  cnoray  of  unit  ideotrioity,  if  placed.  iViwv.? 

I  »hould  d<Sue  tlectiio  v^^^VitukV  w  wa.  voMuiTOM^  \wNrf«M^- 
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or  oondiliou,  wLioh  it  is  mfttbem&tically  convenient  to  ftttribnte 
U)  tLe  puU^ntia)  eneray  stored  iii  s  chart;^,  and  that,  as  FrofeBsor 
Bttynus  aaye,  it  is  Ihe  square  root  of  the  electric  force  existing, 
«iiu  <luii  to  the  uiodo  in  which  the  potentiEil  energy  is  storod : 
bat  this  Bubjeot  will  be  found  discuaaod  in  the  chAptcTH  on 
Electromcitive-force  aud  Cnnent. 

91.  The  ideaA  embodied  in  "  pot«ati&1 "  aro  not  confined  to 
electricity,  though  the  use  of  the  word  is  very  nearlylimited  to 
this  science.  Itu  principles  are  most  clearly  worked  out  in 
connection  with  water  in  hydraulics,  where  we  hfive  oo&ditioDS 
strongly  resembling  those  of  electricity,  both  as  to  the  static 
•tresses,  and  the  laws  of  current  and  energy. 

Potential  is  strictly  comparable  to  the  pressure  eiurtod  by 
m  column  of  water  upon  its  base,  or  to  the  jioteutial  enei^ 
|HjsB<?ssed  by  a  unit  weight  at  tlie  top  of  the  column.  That  is, 
it  is  OS  head  of  water  in  hydranlics. 

Futi-^utial  and  electromotivo- force  are  different  ways  of 
regarding  the  suine  agency  and  are  equal  in  valne:  but  one 
refers  to  static  strains,  the  other  to  motion  produced.  Potential 
relates  to  the  ladactive  Circuit.  Electro uio live-force  relates  to 
the  Condaetke  Circuit.  Both  are  meai>ar«d  iu  volts,  and  both 
uro  equal  at  the  same  point. 

^}.  The  term  potential  is  often  employed  in  a  very  myeti- 
l^-iog  manner ;  for  instance  it  is  said  that  all  the  parta  of  a 
metallic  surface  are  at  one  potential,  because  if  they  wore  not 
so,  current  would  flow  along  it.  But  this  is  reasoning  in  a 
vicioae  circle ;  tho  potential  itself  is  defined  as  the  power  to  set 
up  the  current.  The  parts  of  the  surface  are  at  one  potential  ■ 
only  iu  tbL-  urtiliaial,  matbematical,  electrical  seui-c ;  that  is,  as 
related  to  au  iuiaginaiy  Eero.  But  if  a  surface  varies  in  its 
distance  fiom  it«  opposed  surface,  if  for  instance  the  two  sur- 
&CCS  are  inclined  to  each  other,  the  attiactive  forces,  therefore 
tbo  potentials,  the  density  will  vary  all  along  the  aurfaoe  :  every 
part  of  it  will  have  its  own  inductive  circuit,  with  its  own 
proper  potentiaL  The  different  parts  of  the  one  surface  have 
DO  relation  to  each  other  in  this  aspect,  any  more  than  if  they 
were  ctit  up  into  a  series  of  insulated  parts.     See  S  97- 

It  is  also  oommouly  atatcd  that,  in  this  artilicia]  eleotrioi^, 
tlic  potential  is  the  same  at  the  end  of  a  long  point,  as  it  is  on 
the  sphere  to  which  the  point  may  be  connected  :  this  is  also  a 
ooneequeuce  of  the  definition  &ai  heraate  th^  are  eoniieettd :  but 
the  electromotive- force,  the  teiideuoy  to  discharge,  the  relation 
to  the  oppo«ed  surface,  are  very  different  at  the  sphere  and  the 
point 
As  this  work  deals  only  with  the  eleotrici^  which  exists  in 


nature,  tlie  t«rin  must  never  bo  understood  in  thwe  p»g««  •* 
otitiveyiug  ftuy  o(  thetie  imftf^nfttiona,  bnt  purely  as  tno  Btatio 
aiudogtie  of  Dynamic  Electromotive- fore*. 

^  DiBTRlBnTloN  OK  Electkicitt. — Moet  electrical  work* 
ooonpy  many  V^ges  in  ehowinK  that  Statie  eledrtdlg  it  /onn^ 
and  exult  only  on  (he  aiir/w«i  of  bodies.  Faraday  mftdo  many 
bunntifnl  eiperimenta  to  ahow  this,  and  to  prove,  among  other 
tliingK,  that  it  la  found  only  on  txtertMt  surfaces.  In  fact,  this 
in  tilt)  aole  meaning  of  the  stat«meDt  as  made  by  the  earlier 
electricians,  who  experimented  with  objeota  placed  in  a  room, 
and  considered  only  the  actions  observed  ou  those  objects :  these 
thtMiries  of  charge  by  a  single  electricity,  were  destroyed  when 
{t  wHK  found  that  electricity  oould  be  nlaced  upon  an  intenud 
surface.  But  writers  still  use  the  old  form  of  words  when  the 
meaning  ia  changed.  ITie  great  importance  of  clearing  away 
these  delusions,  brings  the  subject  fVequontly  before  us,  for 
clearly  realizing  the  dual  nature  of  electricity,  and  its  action  in 
a  fiela  of  furce  lays  a  sound  foundation  for  the  whole  struotuTO 
of  tbe  oomprebenBion  of  eleobrioal  action.  As  the  question  of 
flnr&oo  action  will  bo  thonmgfaly  examined,  one  illastration  of 
the  appartTil  con  fine  ment  to  e.rUmal  surfaces  will  snffloe. 
Faraday  used  a  conical  bag  of  stiff  muslin,  provided  n-ith  silk 
oords  by  which  it  ootild  bo  tnniod  inside  out,  and  mounted  on  a 
metal  ring  supported  on  an  insulating  stand.  If  a  charged 
body  in  introduced  into  the  open  month  and  touched  to  the  bag, 
tlie  electricity  passes  to  tho  outside,  on  which  all  the  fibns  will 
rise :  no  trace  of  any  is  to  bo  found  in  tho  int«rior ;  if  now,  by 
BMtana  of  the  strings,  the  bae  is  turned  inside  out,  the  eleo- 
tricity  at  once  passes  to  the  other  and  now  outer  side. 

Faraday  also  showed  that  inxido  an  iusnlated  chamber  bnilt 
within  another  room,  and  strongly  charged  with  electricity,  the 
most  delicate  Instrumonte  contained  in  and  connected  to  it 
ahowed  no  tnic«  of  a<tion.  The  experiment  has  been  rej>eated 
by  otherB,  Init  important  us  it  wna  nt  the  time,  it  only  proves  a 
detttil  of  a  gencnil  Uw.  The  iitatie  /irliotu  ftf  elctrMlii  are  moni- 
fetled  al  nir/acct  Itrcmmr  thrxc  arr  thr.  houndnric*  of  the  jteld  of  forc« 
in  which  Ike  tleflrie  charge  exifli.  The  law  and  its  reason  are 
obvious:  Elei^tricity  in  its  static  m»tiifi.wtationn  miut  he  found 
onln  on  ntrfattM  where  tho  polori^^l  circnit  passes  from  one 
biKly  to  another  ;  it  is  a  state  of  »tn»inc<l  n-st,  wnmoving  tension, 
and  can  only  be  disoovored  by  transferring  that  state  of  tension 
to  another  bodv. 

A«  Mr.  Wolcott,  of  America,  aptly  shown^  a  tAukA»w  'E^**' 
us  an  exact  analogtio:  it  pTOnetAfi  m\  aYvwvtxixvQfc  »A  vijA"mKiN."S-. 
it  in  fonad  only  on  a  aorfao<>,  ytV  it » taw[«V-j  v\\«»\nK»-A*»'w»-'i'-«^ 
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B  State  whic'b  erista  in  tiiewbole  space  between  the  two  rekul 
Borfacee,  tbat  which  geQerat«8  and  that  which  reoeiTea  tha 
shadow. 

95.  The  two  great  aolhorities  on  ekctrioa]  distribntioti  aoditi 
oooMqnenceB  are  Coulomb  and  Sir  William  Harm.  The  fint 
ezamined  tbe  eubjeot  by  means  of  the  torsion  electrometni 
Mid  arrived  at  certain  lawa.  Sir  ^Villiam  Uarris,  on  repeAtiL^ 
tiu  experiments,  found  Coulomb's  results  only  approsunatelj 
oorroct,  and  modiiied  these  laws  aooordingly. 

Clcrk-Maxwcll  and  otliera  have  alee  studied  the  sobjeot,  ui 
^vo  drawings  of  tbe  distribution  under  variouB  cunditioBi 
showing  lines  of  equal  potential,  tlbc,  but  any  laws  of  disttibutioa 
Mid  BocumDiation  can  only  bo  approximate,  and  the  dietributioD 
will  vary  with  every  variation  in  surrounding  bodies,  that  ii 
to  say,  with  every  alteration  in  the  lines  of  Uatt  iiuIiuIpm 
rttittance. 

Spheret  distribute  the  charge  equally  over  their  eurfaoe  pro- 
vidod  thoy  aru  at  »  great  disl&uce  fma  the  oppoaiu^  ehai^ ; 
two  or  more  t>pheroa  oouueoted,  will  divide  a  ehuve  u  pTepor- 
tiuD  to  their  "capacity,"  wMoh  is  as  their  radii,  u  regarded  M 
isolated  bodius. 

Ellipaet  ditctribnto  the  electricity  more  towards  their  ends  as 
do  a  series  of  eplieres  in  contact. 

The  form  of  tho  conductor  influences  tbe  distributioD  simply 
by  the  relative  faoililica  of  gunerating  lines  of  foroe  to  tbe 
Opposed  cuiiductura,  and  thu  mude  of  testing  the  density  is  by 
applying  u  proof  jilaDa.  which  becomes  thu  surface  it  coveta, 
appiopnatiiig  the  lines  of  force  tcrmiuatiiig  there,  and  con- 
Stituting  with  them  a  new  field  of  fotiw  of  its  own. 

^£.  Points. — If  the  couduutnr  of  a  machiue  is  fitted  with  a 
pomt,  no  charge  can  be  obtained ;  if  a  {>oiiited  conductor  bo  held 
towards  it,  no  charge  can  be  obtained.  The  lines  of  force  paaa 
from  every  part  of  a  BitrTace  towarda  vverj-  opposing  suruoe 
carrying  uppositt;  oharge:  in  tbe  case  of  a  sphere,  these  Unesaro 
therefore  radial  and  (.s|uul  at  nil  purttf :  in  Uie  ease  of  an  ellipse, 
they  are  parallel  along  its  length  and  radial  at  its  ends  :  tu  the 
case  of  a  cone,  they  paas  in  all  direotitius  not  covered  by  its  base; 
and  as  this  cuuo  Icngthenn,  tbcy  iuoreaao  iu  number  tdl  a  point 
tenuinatiiig  a  long  cone  niay  be  regarded  as  the  ocntre  of  B 
Sphere,  couceutrating  upon  it  all  the  poesible  lines  of  foroa. 
All  eubatanoes  have  their  limit  of  endutanoc,  their  lireaUng 
ttrain :  the  dielectric  Ktrength  of  air  has  its  limit,  and  under 
these  circnmstauces  it  brenka  down  and  beoooos  a  oonduolor: 
the  breaking  strain  of  air  i»  reached  when  tbedensity  ^prowhos 
30  static  units  per  square  centimetre :  we  may  oonoeivo  that  in 
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oircnmBUuiOM  the  mol«oulei  uf  air  become  ut  tlroDgly' 

ed  that  they  fly  off  towards  the  imrroiuiiliDg  surface,     u 

pointa  ate  cased   in  gnttaperL-Ua  ur  other  snbetanoc*  of 

Skter  power  of  eudurunoo,  tlie  Umit  of  ohargo  is  lu^ly 

^yy.  ScBPACS  IteisnT. — tf  we  taira  two  bollH  of  i-  and  i-inoti 
eter  and  ohar^  tbctn  both  at  the  same  timo  from  ono 
e,  the  a-inoh  will  hvns  twice  the  "qaantitjr"  of  oloctrioity 
it  that  the  other  hits;  but  if  we  apply  the  two  WUs  to  an 
Tosoope,  they  will  both  giTo  tho  sune  iodicatioDs,  or  if 
.  axe  tested  by  proof  plane  and  balance,  both  will  be  found 
ged  ali)[&  It  is  Dooeasaiy  thereforo  to  aoo  what  will  bo 
thb  eSbct  of  alterioK  the  extant  of  surfaco  without  alteriDj;  the 
BO-caDed  qnantity  of  olecbidty.  The  nsuul  inHtrtmicnt  for  this 
pnipoeo  is  a  sheet  of  tin-foil  moonted  on  a  roller,  »o  that  its 
area  can  be  raried,  and  fitted  with  or  conncoliid  to  a  pith  1mI> 
or  gold-leaf  eleetroacopc  If  tho  foil  bo  obargwl  with  ifai  full 
rarfaoe  exposed,  the  electnwoope  will  giro  an  indication  cort«> 
ponding  to  the  charffu.  Now  wind  up  the  foil,  iiud  an  the 
exposed  tnrftoe  diminuhee  the  action  is  oonomtiated  on  that 
Bnaller  sttr&oe,  and  the  rlectrometor  iodicntes  acoordtngly ; 
when  the  mar&oo  is  lodaced  to  half,  the  electromotor  indicates 
doabled  action :  whon  the  siirfsco  is  rodiicod  to  ono-fnnrth,  the 
tlectrometor  indioatss  fourfold  action.  But  what  in  n-ally 
nUBonied  by  the  oloctromolor  in  this  chmo  is  not  **  quantity, ' 
nor  even  density  upon  tho  foil  itself;  this  should  bo  oleurly 
ooapteheDded.  From  cvitry  part  uf  the  nurfncu,  iJm  jiiih  hulU 
nohMed,  liiMM  of  force  nxtonil  bu  lliu  opptiiting  ntirfufiMt ;  therefore 
we  must  rugard  tho  foil  and  tliu  IaIIh  sh  dudVt  indueiivv  circuib. 
the  rd&tive  rtaistanoos  of  which  aro  prupurticinal  to  the  relative 
•or&oes.  When  tliv  foil  Is  reduoLf)  in  nurCaoe  to  one-half^  tit 
tadueHtv  nm/asrc  u  dmibted,  or,  in  other  words,  its  capacity  is 
haired :  the  relations  of  the  two  circuits  ore  altered,  the  pro- 
ponkoal  reaistaooo  of  the  eieotro»coi>e  ua  compared  to  that  of 
the  £>U  is  only  half  of  what  it  was  at  fint ;  heuce  the  lines  of 
totoa  are  driven  from  the  foil  to  the  elcelnwcupe,  iucreaaisg  the 
pull  upon  the  balls,  the  true  fuel  bciug  that  the  electrometer 
nMasnies  mol  tie  ^soniiVy  on  the  /oil,  but  the  aoliun  of  its  owa 
mdmetne  eirruU:  it  uie<uiures  the  quajiiitv  ou  the  foil  and  it« 
_da>iity  indirectly,  but  only  becuuae  these  bear  a  definite 
elation  to  the  aimilar  ouuditions  on  itself.  This  Is  the  poiot 
rery  student  of  electricity  should  firmly  impress  on  his  mind. 
%l  everjf  fOuBiU  ii'ne  if  force  in  an  imfudiru  circuit  has  ilg  omn 
tiliotu,  that  each  is  milly  a  derived  arcait,  as  exi^'lniiu'd  at 
id  of  §  9),  and  should  be  studied  on  the  same  principles  aa. 
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in  the  oajce  of  ft  number  of  wires  oonTeying  otments  fnta  oh 
eloctrio  generator. 

q9.  One  of  FarwJay's  l>eautifiil  oiperimenfB  illustT^lea  maay 
pnaoipIe«.  Lot  Pic.  1 8  represent  »  room  ooutaining  •  «  aoaree 
of  electricity,  BncE  ae  nn  electric  mnchinc,  to  the  prine 
oondnotor  of  which  is  ftttaohed  «  ball  +,  flmd  tho  nihber  or  — 
termiiuLl  to  earth,  which  means  tho  wftlls  of  the  room,  from 
which  the  reuliatisg  lines  indicnte  tho  field  nnd  lines  of  force 
wit  np  in  the  air  ;  t  is  an  electrometer  which  if  connected  to  + 
diverges  utrongly  ;  but  if  to  the  walls,  only  a  feeble  diTergonoe 
will  macifeet  a  —  charge. 


rio.  1% 
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99,  IxDDCED  Cbabqes. — The  eiperiniont  is  further  dereloped 
in  Fig.  19,  where  ^  is  a  metal  pail  Burrounding  +  and  itself 
insulntMi  by  the  glasH  stand  1.  Though  the  pail  is  not  in 
ooDtact  with  •{-  its  outer  surface  will  havo  an  equal  and  similar 
diarge  to  +,  yet  if  -}-  be  now  touched  to  tho  pail  the  ohar^  on 
thi«  will  not  bo  inoroaeed,  nor  will  e  indicate  any  cLanj^ 
althotigh  +  has  lost  all  its  charge.  The  conditions  are 
idontioitt  iR-itli  those  of  tho  onclosod  sphere  S  lOJ  where  they  an 
more  fully  studied. 

100.  A  series  of  insulated  cylinders,  as  ebowa  Pig.  30,  18 
oommonly  nsed  to  illustrate  "  Induction,"  as  though  it  were  an 
action  set  Dp  by  a  body  possessed  of  free  charge,  while  it  really 
exhibits  tho  mode  in  which  tbo  chain  of  polarization  ts 
developed,  -f*  is  a  charged  ball  on  an  insulating  stand ;  if  we 
imagine  it  standing  alone,  the  conditions  are  those  of  Fig.  16, 
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tax  equal  qojuitity  of  -  eloctricttf  oxistiog  on  tlw  wall* ;  we 
now  bring  bear  it,  tmt  not  near  enough  for  a  Njwrk  tt)  mw,  tha 
insulated  cyllndttr  a.  Thin  ftirnirhc*  a  new  path  fur  the  fomo, 
and  its  mdJeoolea  arc  jKilariicd,  gold  learcd  or  ttiffoil  mituendod 
at  its  «iids  will  direrge,  and  Iho  end  noaruet  -r  >a  found  to  he 
— ,  and  the  other  ana  +.  Th«  old  ezplanation  waa  that  the 
free  eloctricity  oftho  boll  dooompoaes  the  nentrel  «lectrioitj>  of 
tfae  oylinder,  attnctUtf;  to  its  neareei  «nd  au  eqnal  ijoantitj*  of 
tbe  oppoeite  eleotricitj,  and  repeUing  th«  eimilar  to  th«  other 
end.     Add  b,  a  urailar  ortinder,  and  the  same  result  oocnn  in 


VukHO. 


o      +      -       J      + 


it,  and  in  «•  many  aa  we  ulvwie.  TeniUlMt«  the  Mriee  by  a  hall 
^nulartothe  Siat;  il,  luce  the  cyUodsn^  im  {>oUruM<l;  but  if 
hj  tncaiis  of  a  viaia  or  a  discharger  w«  eoiUMOt  the  ball  to 
**  earth  "  for  a  BMuneDt,  we  find  the  ball  ia  thoQ  oharged  with  — 
deotrictty  alone,  and  to  oontinne  the  old  explanation,  ita  ■+■  goea 
to  eatUi,  laavina  the  free  charge  oppoeito  to  that  of  the  first 
balL 

Bat  the  real  explanation  i*  this:  When  a  ia  placed  near  th« 
hall,  it  preseuta  a  mora  roady  path  for  the  force,  because  ita 
Bolecuka  resist  less  than  those  of  air,  Itenoe  a  twofold  action. 
Its  molacalM  en  polarized  by  the  forc«  ohargnd  ou  the  air  it 
■iispliHfi^  but  also  a  distnrbanoe  of  the  previously  existing 
anengements  is  produced ;  ioHtead  of  the  polariiation  |>id- 
<<w>flii>g  in  all  directions  o(|aally,  a  ptvaents,  by  itii  enlarged 
svrfiwe,  a  much  readier  path,  and  the  lar>;eat  point  of  the 
fiwoe  lends  to  it,  and  will  nvult  in  a  spark  p&Mtiig  if  thoy 
approadi  too  doeelji  whilv,  if  this  is  avoided,  a  Kimjilu  rodistri- 
botion  of  the  lines  of  force  oooura.  When  6  ia  added,  a  tdmilar 
iwolt  and  fresh  distribotkn  oocurs ;  and  again  when  the  last 
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ball  is  pre«ented ;  but  vheti  Uur  ]ji«t  ia  ootmoototl  to  Mrtli,  it 
aete  up  K  mrcuit  of  ainall  resistanco,  cotilined  neu-l^-  to  the  lin« 
of  ballB  and  cylinderii :  tbere  always  is  a  jwrtial  oircnit  to  tho 
other  aarEaoes,  Itowevvr,  m  that  tliu  —  eliai^gb  «n  tlw  lost  ball 
will  never  be  b(|i)al  to  the  -f-  on  the  first,  as  tlie  old  thwrj 
would  involve ;  if  touchud  together  while  inBulat«d,  then  alm7« 
lemaiuB  a  charge  ok  +  which  is  equivalent  to  th«  —  left 
on  tho  walls,  &o. ;  so  also  each  auccessiTe  cylinder  will  be 
polarized  with  diuuDiahed  force,  and  will  lelain  on  loiaoTal  a 
alight  positive  charge,  if  the  final  ball  has  been  oonneoted  la 
earth,  Decause  from  each  of  them  a  fraction  of  ita  cinniit  it 
completed  by  the  walU  inatead  of  through  ite  opposite  end  la 
the  next  cylinder. 

lot,  CoNDEHs.vTiox. — We  can  now  nDdorstand  the  aotion  of 
charged  anrfacea  in  tho  form  of  condcnerra,  aoch  aa  the  Loyden 
jar,  and  those  ttsed  in  induction  coils,  and  In  those  vast  ron- 
donseiT,   sHbmarmo   cables,    in    which  these  effects  of  cfaa^» 

firodu(3e  the  great  retnrdatiun  in  the  jmaKige  of  signals,  whicli 
oiig  [itizKltxl  practical  eleotrioians.  If  for  the  chRrged  ball  we 
Hnbi(titiitB  un  i&Hiilnted  motnl  plute,  to  each  side  of  which  i* 
fixed  a  pith  ball,  upon  charging  it  will  Ite  soon  that  these 
diverge  on  both  tidet,  showing  an  inductive  circuit  formed  in  all 
dirootions  as  from  a  ball.  Wo  now  aj>proach  ta  it  on  ono  ride  • 
similar  insulated  plate,  also  Stted  with  balls  or  leave*  ;  a  voiy 
slight  effect  is  produced,  tho  indicators  on  the  nearest  sides 
shewing  tho  usual  small  attractive  forres.  But  if  we  conooct 
this  second  plate  to  "earth"  an  importuut  eUbct  oociirB;  tli* 
indicators  on  tho  outer  siirfnt^vs  eollapsc,  while  tliowo  on  th« 
inner  faoos  show  n  strong  divorgoiice,  Jul*  tiot  to  tho  siippiiMed 
repnlsive  force  of  similar  eleoincitiee,  but  to  the  attriuitioti  of 
the  opporito  plate^  Wo  see  at  once  that  the  circuit  which  waa 
at  first  formed  from  tho  plate  to  tliu  aurnjuiiding  nurfaee^ 
oeaaes  to  exist  (or  nearly  s»)  and  is  tniiiHri.-rred  tu  the  apooe 
between  thcptnttw,  «f  which  the  seconit  showe  a  —  char^^e  e(|nal 
to  ttie  +  on  the  first  ulule.  Tho  old  theory  called  this  an 
iiiduood  —  charpi  brongiit  up  from  the  earth  by  the  attraction  of 
tho  4-  on  A,  whereas  it  ia  simply  tho  actual  —  countttrpart  of 
tlw  +  inBujiarablu  from  it,  but  eounlituting  with  it  a  field  of 
force  wheiever  it  fiuds  the  leaat  reaiataiico,  that  is  lo  say,  where 
thorn  is  present  at  the  ahorteat  distuiiees,  matter  having  the 
most  capacity  for  generating  the  field,  or  as  the  next  stage  of 
still  lower  resistanoe.  matt«r  capable  of  transmitting  clootrio 
cnrrcnt.  In  this  state  wo  cannot  discharge  either  of  the  plnt««, 
singly,  }jy  any  earth  vonncctton,  we  can  only  slightly  diminish 
thu  charge ;  if  we  touch  + ,  a  derived  circuit  is  set  op,  and  a 
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portioii  of  Ute  positive  cbarfte  powea  to  sorroaDding  oonduoton, 
mmI  iLcBiora  distaotAput  the  diao*  ore,  the  KtMter  this  portioD 
irill  be,  beoAOse  the  oturg«  will  divide  itselir  in  proiiortioo  to 
the  reaietanoe  of  vrtny  p»th  opoo  to  it.  If  wo  uest  touch  — ,  » 
nmilaT  aotioo  oocon,  »nd,  Bt«p  by  step,  the  charge  may  bo 
lemoved. 

la  these  conditions,  the  plates  (which  exactly  i^reeect  the 
two  ooattngs  of  a  Leydcn  jar)  fairly  oorrmpoDil  to  the  two 
plates  of  a  calvanio  oeU ;  oonneotiiig  one  plate  to  earth,  Ac,  is, 
tbe  Bame  uing  aa  omnectuig  only  one  pole  of  a  batteiry  to 
apparatns.    See  f  105. 

103.  Bound  ok  Dissimulates  Elbctkicity. — These  are  tarma 
which  belong  to  the  old  theories:  they  are  mMtniiiKlciui  under 
the  new  theoriee,  bat  are  still  emplovcd  in  text-boQiiK.  Whcu, 
as  in  J  lOi.the  +  charge  acts  by  indnctidn  on  thi^  cylini](.-r  a. 
Tig.  30.  it  is  said  to  break  op  the  nontnil  cloctnrity,  to  iittnct 
iu  —  and  to  repel  Hs  +  to  the  fnrtfaor  ond  of  tho  cj-liwlor: 
thia  ^linder  has  then  two  charges  of  cloctricitjr,  of  which  <inly 
the  +  will  leave  it  wboD  touched  to  mrth.  I'hiH  4-  >s  called  the 
Jrae  chareo  and  tbe  —  is  said  to  bo  bvutid  by  tbo  attmctioii  of 
tbe  +  ball.    The  real  actions  have  been  ozplained. 

If  we  take  thfi  electroscope,  Fig.  8.  p.  19,  and  attai^  th«  plate 
/,  and  piac«  n  siroilar  ptate  apm  it,  the  fows  being  vamished, 
we  have  a  con<lm«ing  oloctnxtcopc,  in  which  the  two  corrcipond 
to  and  play  the  samo  [xirt  ti»  tbn  plates  in  $  101,  while  tho  ooat- 
JDg  of  ranuah  corrcspoDda  to  tbo  air  between  the  platan,  but 
with  a  moch  greater  capacity.  If  wo  apply  a  wcatc  sonroo  of 
electnci^  to  uie  lower  Mate,  only  a  very  slight  aciton  occnn  at 
the  leaves;  if  wo  toooi  the  appor  ^<lato  while  the  soiirau  is 
acting,  there  will  bo  aectMMlatum  in  the  condoneor  formed  by 
tbe  tM-o  plates,  bccanso  its  capacity  vastly  exceeds  that  of  the 
bi>;hly  rrKistiti^  circuit  of  the  Icavm  themselves,   but  m  the 

Ctontial  remains  the  unto  tbe  leaves  show  no  more  uotton 
cause  tbo  two  cirvnits  do  not  diKtnrb  eaoh  other,  eaob  acts  as 
thongh  it  were  alone,  juot  iw  in  tho  cuse  of  the  foil,  S  97-  U 
we  DOW  remove  tho  ^|PI>0''  pluto  (nftcrdiNixinnKcting  the  sottioe) 
tkg  Imws  er|M)ul.  Wliy?  To  ciii»tu  a  vAiiamva  explftnati<ni, 
"  tho  ospaoity  of  tbo  ooudtiuattr  diminislica  euoruKiualy,  and  the 
small  <)naQtt'ty  of  electricity  i»  tiow  uMe  to  nuse  tbe  potential 
of  tho  plates  to  a  higher  dv^reo  aud  the  gold  leavea  expand 
acoordingly."  The  explanation  simply  obscuree  the  natural 
facts.  The  platea  have  nothing  to  do  with  the  mattcir;  when 
the  opper  jilate  ia  Tumoved  tbe  condenser  ceases  to  exist,  or  its 
oapacity  Ik  greatly  rdduced,  trut  there  nro  two  distinct  circnits 
throogh  the  air  to  other  surfaces;  one  circuit  is  from   the 
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Hurface  of  the  plate,  the  othar  ^in  that  of  tho  loavsi 
lstt«r  (if  tberu  ui  nn  Mirth -^itnt'i,  m  nliown,  prnvidcd  by 
on  the  gloss  c««e)  huvo  «  circuit  of  much  thv  Inwoit 
and  th«  action  tonoentrutwi  thmi>  jiMt  as  dwcrilioil  in  5  '01 
when  the  circuit  ia  changed  hy  ilivonion  to  the  Mcoud  ]Jatfc 
If  in  that  experiment,  the  twu  pliktMt  nro  plBood  as  fnr  apaitM 
pOBBiblo.  they  will  only  receivti  n  oerUiin  quantity  of  eloctrie 
charge  frum  u  Honrcu  of  a  given  polentinl,  auch  us  a  battery:  if 
we  approach  thu  plntes,  they  will  receive  a  higher  chargv,  not 
because  the  two  eluctncitieB  itttruct  enuh  other  more  etitngly 
and  are  therefure  able  tti  bind  more  of  each  other  aa  tho  book* 
eay,  hut  l>eciiutte  the  rettiBtaiK.ie  of  tliu  ciranit  being  diminudted,a 
ationger  field  uf  force  is  gcneratei),  just  its  with  the  »ume  battoty 
a  stronger  current  is  geuer>ited  when  the  length  of  the  int«r- 
pond  wire  is  diniiiiishud.  If  the  platen  ak  brought  near 
tOffSther,  and  churged  an  much  aa  iHiiutible,  then  thv  plarang  o( 
a  ehoet  of  glass  between  them  would  uimhle  mor«  electricity  to 
bo  talceu  up,  and  if  ehouit«  were  antuitriuted  for  the  glaaa  thii 
"oapooity  for  eleotrio  charge  would  he  still  farther  inoRkaed." 
Thna  not  only  the  HurfaceH  tuhiiig  the  apparent  oharge,  but  the 
interposed  materml  iu  wliioh  the  charge  ib  really  titored,  lake 
part  in  the  action:  Uie  rui)lecular  theory  g^vea  a  clear  explanatioa 
of  tho  factx.  The  ohiirge  ii  given  circuit  can  receive  from  a 
givon  Hourou  in  in  the  inver»e  ratio  ii/  Ike  retittanet  of  lAttl  einrnil; 
or,  in  other  worilM,  prupartiirnal  to  ill  induetivi!  eapoi'ilg, 

lOj.  Enclosed  Si-hkiui:. — Tho  action  of  a  npheru  endoacd  In 
another  iiphere  iiffurdei  the  niottt  ooiu]>leto  ntudy  of  the  principles 
of  the  imtuotiro  circuits,  and  it  la  ao  completely  euahruudcd  in 
myatery  in  most  of  tho  text-hooka  that  it  is  deainhte  t»  examine 
it,  although  in  bo  doing  we  are  really  koiuk  over  tho  ground 
aaain,  as  it  iuvclvea  the  piiuciples  of  all  the  subjects  diaouMod 
it  99-ioa.  Fig.  21,  a  is  a  hall  of  metal,  mounted  on  a  gluB  tube 
cemented  into  a  iirak  on  b,  which  is  a  hollow  sphere  oiTided  tn 
two  at  ite  horizontal  diameter,  ao  that  the  upper  half  may  be 
lifted  by  the  glass  tube ;  the  lower  half  is  mounted  on  an  inan- 
lating  atand.  If  we  now  connect  6  to  the  prime  condootor  in 
the  usual  manner,  it  will  receive  a  charge,  and  on  lifting  the 
Upper  half  no  electricity  will  he  found  on  the  inside  of  h.  ur  on 
toe  ball  a.  Even  if  we  insert  a  wire  in  tho  tube  and  connect  a 
and  b,  a  will  receive  no  charge  :  but  if  tho  wire  be  left  in  a 
duriiiK  removal,  then  cliarge  will  be  found  on  it  by  tranafer 
Cromt.  This  in  one  of  tho  old  expcrimcnta  showing  that  charge 
naidea  oidy  on  cxtemut  nurfncM.  Hut  if  we  drop  a  wirethrongb 
the  lube  into  a,  and  charge  it,  oonnncting  b  to  earth,  that  is,  to 
the  rubber  of  the  machine,  th^i  we  aliall  find  +  electric^  on  a. 
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id  —  on  the  iimJe  of  b,  whilo  tbo  onttidf  uiU  «kw  im  um  of 
iNfrin^.  If  tlui  rubber  ta  iw  nnuil  ooBsvctod  to  c«rth,  ana  also 
met  to  a,  while  b  u  cfaarmd  +,butfa  tiwido  and  outfiide  nil! 
B  fotmd  chai^ged  ab1«,  and  tho  ioiisr  obargo  will  be  equal  to 
w  —  chargo  found  un  a,  and  gnator  than  tbe  oulsr  oharee,  this 
mag  doo  to  tho  amallor  space  of  air  botweon  tbe  fiHul*  M  b  and 
p  as  pompnnsl  writh  that  bctwoeu  Ilia 
of  6  and  surronnding  boiliea ;  we 

in  fact  licro  two  iaaueiitt  eirtmJ* 

tho  other  oaacs. 

if  we  charge  a  as  before,  and 

hy  a  dinharger  cooiiect  tbe  wire 
to  it  with  thti  outaide  of  b.  on 
<g  t2i<:  upper  p«rt  no  trace  of 
ty  will  be  bond  >«Eaai>uug  on 
tbe  nibber  i*  ooiiu«tt*il  to  "  earth." 
faziher,  if  wc  diargu  u  from  tbo  cod- 
litctor,  tbe  rubbuT  b^ng  to  earth  and  b 
lot  oouneoted  lo  the  machine  at  all,  we 
ihall  find  that  it»  insiilc  ut  iu  a  —  coa- 
lition and  its  oiit(ii<Ii>  -t-,  and  tlua  outer 
itnjga  will  lie  i^jual  in  <|nautitj'  to 
ihat  on  a,  and  yet  nitliougb  tbe  ontaide 
lad  infltde  are  in  intimate  metallic 
xntsot,  theae  two  cleotridtieB  will  not 
rv-nnito  as  long  ua  the  charge  is  maio- 
aioed  upon  a;  here,  b  is  under  the 
WDO  ooooitionii  aa  tbe  mi),  £  99.  This 
•  a  simple  matter  whioa  tbe  teit-booke 
raoder  niyatorioits  W  Ibe  introdnction 
rf  •*  poteutiaL"  Tiiey  say  that  no 
nttreot  passes  from  tbe  outside  of  ft  to 
tbo  inaiae,  because  although  diffontitly 
ibaiged  -f  and  —  ttey  are  at  the  tame 
pottmluU,  tbe  evidence  that  they  are  at 

Ihis  some  potential  being  the  fad  that  tho  onrrent  does  not 
[ttM;  this  reasoaing  in  a  circle  is  annocoeary,  and  the  use  of 
Lbs  idea  of  potential  here  is  misleading.  If  it  were  said  that 
Ihiav  w»a  DO  Jifferetitf  of  potentiai  between  them,  it  would  l>e 
auanij  a  roundabout  w>y  of  njring  that  tbe  opposite  churgea 
m  t&  two  sidM  belong  to  two  entirely  diatinot ,  circuits 
tiaving  no  rdation  of  potential  between  them  at  all. 

Whtn  the  circuit  in  inlvmal,  by  <:harging  from  the  two  pole* 
of  an  ininilat«d  source,  llteiu  in  no  external  oTtdenoe  of  the 
piwenoe  of  electric  charge.    There  is  uo  reason  why  there 


shnuld  be,  but  au  elaborate  «xplanati(m  of  the  natural  neoesaur 
fact  is  provided  iii  tho  mathematical  theory.  As  the  aotiOD^ 
ohui^  npon  a  sphere  ia  the  same  as  if  it  were  ooDcentrated  tt 
the  ceutrc,  §  107(a),  it  ia  arj^ed  that  the  +  charge  on  a,  and  d» 
«qaal  —  chargu  ou  the  inside  of  b,  hariog  equal  oppoaito  aodou 
from  the  wtiiimou  centre,  ueuti-alize  each  otlior'a  external 
actioDs — -actiouB  which  have  no  existence  at  alL 

104.  LavDBs  JiB.^It  is  obvious  tliat  the  conditions  of  the 
Lej'den  jar  are  identical  n'itb  tho§e  of  the  two  epberes,  SO  thai 
'we  may  trace  out  some  important  parts  of  Eleotnoal  Theory  hj 
aid  of  tlieae  familiar  iiistrumente. 

According  to  the  mathematical  theory  of  electrioi^,  cartm^ 
and  iliaobargo,  Ac,  are  duo  to  difference  of  polftitial,  tbe  aotaaT 
position  of  the  two  points  on  wliat  we  may  call  tbe  "  acaU 
potential "  liaving  no  influenco.  When  the  word  "  potential " 
iiswl  by  itaelf  it  exprosaee  tbo  difference  of  potential  from  Ht 
nKsumed  zero,  usually  the  earth.  Such  a  scale  of  potential  it 
iiiiiklogouB  to  a  vertical  column  of  water  in  which  diflemit 
priNMures  may  be  obtained  at  different  heights.  The  MiM 
<iffect  will  occur  botwoen  two  points  in  an  electric  circoflt 
whether  those  points  are  at  +  r5  and  +  5  potentja)  as  j^ 
garda  zero,  an4  though  both  of  them  have  free  +  cbargM,  m 
would  occur  between  two  points  at  +  S  and  —  5,  with  t-anai  frco 
+  and  —  charges.  The  facts  are,  of  course,  true,  and  for  winiB 
of  tlie  purposes  of  calculation,  the  theory  hiui  itat  ailvantagos. 
But  the  theory  is  not  true  aa  a  fact  of  nHturc.  The  watsr 
analogy  itaelf  disproves  it ;    the   column  of  wiit«r  liolow  ths 

glint  at  whioh  current  passes  is  inert,  it  in  nvt  in  (An  eiremt. 
ut  tliere  is  no  such  thing  as  a  —  pressure  in  tho  oolnmnof 
water;  the  real  pressure  is  always  +,  alwaya  in  one  dtnctioiii 
and  is  ■'elated  to  tho  centre  of  the  earth.  It  is  the  samo  in  tHeo- 
tricity  :  there  in  no  ni;tual  +  and  —  (as  in  the  old  fluid  |]icori«), 
thc*p  mertily  n^prBucnt  the  relations  of  opposed  aide*  in  the 
individaal  eiraiiU  alone .-  tho  name  point  of  space  may  be  +  to 
one  rircuit  and  -  to  another  circuit,  but  these  two  cirouita  are 
wholly  indppttiidcnt.  The  Boale  of  potential  is  a  purely  arbilnkiy 
conception  ;  wluit  really  uxiats  in  lines  of  foroe,  with  «  diiectiTa 
iiiHnenco  upon  enur^. 

Wo  may  take  the  two  aupposod  jartt  (15+  ;  +)  and  (s  +  5  —  ) 
Mud  join  the  two  cxtenia)  cuatiiiga  together,  no  matt«r  whether 
they  be  both  +  or  one  +  and  the  ot!ior  — ,  and  wo  may  then 
ouunect  both  to  the  supiKpsed  zero  of  potential,  tho  earth',  with- 
out producing  any  effect  ujion  the  charges. 

To  moot  tTitn  fact  the  other  artiflci^  doctrine  of  bound  elec- 
tricity wae  invented,  and  this  is  dealt  with  |  lor.     But  tho  jara 
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ill  Uii»  eaae  are  exactly  aoulo^ouH  to  two  diatiaot  Kftlvaoio  oellH, 
whioh  may  be  combiued  aud  couueoled  iu  exactly  tlio  twue 
laanner  without  pruduoing  omreDt.  aa  loug  ah  itie  other  point 
(oorreBfxmdbig  to  the  iaoor  ooatinga  of  the  Jitrit)  are  uot  con- 
nected. Under  these  ciroumBtancoa  we  can  iuauUto  the  jara, 
either  couIK^ote^i  or  separate,  and  we  cau  give  the  external 
ciiatin^  A  free  ehargt.  Bat  what  is  tbU  hut  a'Miii;;  a  third 
inductive  circuit?  Wo  can  chaige  the  exteruul  coatiujpi  +  or 
— ,  bnt  in  bo  doing  wc  simply  make  the  outside  suifaoes  the  cue 
ooating  to  the  air  of  the  rixim  to  whioh  the  other  coating  m  the 
surrounding  rarfiue.  We  can  even  put  opposite  free  charjfes 
on  the  two  jara  in  the  same  manner,  and  we  can  make  these 
eltargea  either  the  same  or  the  opposite  of  the  charges  which 
their  inner  surfnocs  b«ar. 

105.  \Vhen  wc  put  iho  Ijoydcn  j^ir  in  the  form  of  flat  pUl«e 
we  can  two  that  thcro  is  a  strict  analogy  butwuen  it  and 
battericB,  cither  primary  or  Bocondary  ;  they  are  all  roHervoirs, 
not  of  a  til ys tori 01  IS  entity — oloctricity,  Wt  of  ennrgy,  in  snoh 
oonditions  thtkt  itn  change  from  potential  to  kinetic  ooonra 
bv  iettinf;  up  such  moleoiikr  changes  as  oonBtitiito  cloctno 
pLenomonu.  The  platen  am  elcetrMcui  to  a  dicloctno  in  thn 
Jar,  to  eleotrotytfiN  tn  the  ImtteriuH.  In  tbl^  jar  thv  sneroy  in 
tUmA  intheformufsumemuWuhirtitn^iiiit  produced  in  charging; 
•o  is  the  aoooiidary  battery  ohcmioal  Htresaeti  or  affinities  an 
gODOmted,  by  an  eztental  aouroe  (aa  in  Uie  jar),  while  in  the 
primary  battery  tbrnto  wimu  airexBes  exist  in  the  materialti 
employed.  Thiw  analogy  idiowa  how  unnecessary  an-  all  the 
•laburate  theorie.''  of  potential  employed  to  explain  the  autEoii  of 
thu  jar.    Ab  U>  renidual  charge,  see  S  loS  (<)■ 

The  annexeil  tabular  arrangement,  p.  66,  illustraleM  the  ro> 
latiuna  very  forcibly. 

lOj,  Capacity. — It  is  usual  to  define  capacity  for  charge  a« 
relative  to  surface,  but  thia  dis^isea  the  now  known  fact  that 
dimensions  of  a  surface,  or  say  a  sphere,  aflecta  the  ca])acity 
only  because  it  forms  a  connection  to  the  space  and  the  medium 
occupying  it ;  thorvforo  the  expression  is  often  qualified  by  the 
statement,  "  provided  it  is  at  a  considomblo  duttanco  from  sur- 
rounding surfaces."  lleadors  who  have  (wniprohcndod  prccedin); 
explanations  will  understand  that  a  sphere  has  no  capacity  at 
all,  ttmtiderfd  by  ittel/,  and  that  any  statemonta  referring  t<>  the 
oapacitiea  of  single  surfaces  are  merely  artificial  procesaes  of 
oalculation,  not  expressions  of  natural  fads. 

Cupodti/  <>  mearurtd  by  the  electric  quantity  necexsary  to  raise 
the  diareo  to  unit  potential. 

(a)  ^A«rM.  A  epbere  of  one  centimetre  radius  is  taken  as  the 
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Capacity  of  spljerM  varic*  as  their  radii. 
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tt  the  wiitre  of  the  •pht?ro.     Seo  §  lo^. 
(J)  Conctntrie  iphert*  have  a  capacity  dopendor 


LAWS  0?  CiJAOITT. 


tiv«  l»dii  r,  measured  by  tho  formnln  -; ,  in  whioh  r'  Ib  th6 

(lUtoT  flphere.  Tlie  mtionale  of  this  formnla  ia  that  it  roprowentB 
the  capacity  due  to  tlie  product  of  tho  two  radii,  and  inversely 
lo  the  thickness  of  tho  dieloctric,  which  is  the  diffi>rence  wf  the 
radii.  Now.  if  the  inner  sphom  is  a  small  ball,  while  tho  out«r 
ia  represented  by  distant  siirruccs,  a  mtMlorate  incrf^a«e  of  the 
radios  of  the  ball  does  not  much  affect  the  thickness,  or  diHtuuue, 
BO  that  ihe  capacity  varies  nearly  as  thn  radiiis  of  the  ball  ns  in 
case  (a) ;  if  tho  two  spheres  arc  very  close,  their  radii  only 
aflect  the  formulre  by  tho  corrcs ponding  surfncvm,  and  tho 
principal  element  is  the  thicknoM  of  the  dleloctrio,  and  iho 
lesult  in  the  same  as  in  (c)  and  («). 

The  actual  ca[Micity  in  any  given  case  is  ascertained  l)y 
multiplying  the  rosult  by  tho  specific  inductive  tapadty  of  the 
dielectric  cnctosod  botwoon  tho  two  spheres. 

(c)  Concentric  eiilindeTg,  sucb  as  Leyden  jare,  or  submarine 
osblos,  havo  a  capacity  dependent  upon  their  length  and  their 
diamotors;  that  is  to  say,  really  uikiu  the  efficient  thickness  of 
Hit  ODoloscd  tlioluotrio,  and  also  ujwn  tho  ap.  iod.  cap,    The 

formnla  ia  K  =  x j^,  in  which  K  ia  tho  ioduotivo  capacity ; 

d 
k.  tho  sp.  iod.  cap.  of  the  dielectric ;  /,  tbo  length ;  V,  the  ontor 
diameter;  and  d,  the  inner.    The  formula  ftinushee  the  current- 
giving  power  of  cylindrical  batteries,  because  the  logarithmic 

ratio  of  the  cylinders  expresses  the  internal  resistance. 

g 

(d)  For  pain  of  vlnte^  of  any  form  the  formula  ia  K  =  ik  ' 

It  will  be  iustructire  toooiupreheud  the  part  playti]  here  by 
4  IT.  (ir  being  used  in  all  formalxi  for  tho  oircumfereDce  ratio 
}*I4I$9.)  In  th«  case  of  a  sphere  the  conHtant  ratio  of  the 
loroe  to  the  surlaoe  density  is  4  n,  and  this  is  coimuoted  to  the 
relation  of  the  snrfaoe  of  a  spbore  to  its  radius,  which  is 
4  IT  X  r* ;  that  is,  four  times  the  oiroomfeieDOe  ratio,  multiplied 
by  the  square  of  the  radios.  Now  flat  plat«s  may  be  con- 
sidered as  parts  of  the  sTirfaoes  of  very  large  uphorfe,  and  tho 
formnla  is  derived  fh>m  this  artificial  re  presentation,  combined 
with  the  treating  the  two  charges  as  acting  from  the  centre  of 
the  imaginary  sphere.    ^  lO). 

(c)  The  formula  can,  therefore,  be  simplified  by  passing 
from  abstract  mathematical  oonceptiocs  to  praotioal  conditiona, 
by  usiDg  unit  dimensions  and  values.  If  we  tako  one  square 
foot  as  unit  of  surface,  and  one  mil  as  nnit  of  thickness,  nung 
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the  up.  irul.  CAp.  of  plates  of  those  dtmeusiDUS,  the  formula 

a 
Ix-oomca  K  =  it  — ,  and  ftimishes  the  capacity  in  microfarttdi ; 

it  in  this  case  i§  the  unit  value  in  the  tabic,  P-  71-  In  this 
CMS  (,  (ho  thickness  of  the  dielectric,  represents  tJio  iniinitesimkl 
difler«Dco  betwion  the  two  imaginary  radij,  ond  therefore  tho 
chwge  18  inversely  a«  the  thickness,  although  the  forces  to 
whi(^  it  ie  attributed  vary  as  the  squares  of  the  distftnccs, 
recktmed  from  lki»  ideal  rcntre. 

108,  DiEF.KCTiiioi. — All  Biibstntices  possess  two  properties  in 
relation  to  electricity  ;  all  conduct  electricity,  but  with  very 
difforont  facility;  all  offer  a  degree  of  resistance  to  traiinnission, 
and  undergo  a  corlain  molecular  stress  :  resistance  and  thi« 
BUsceptitillity  to  stresB  are  not  identical,  nor  even  proportiouatc, 
yot  they  have  Bome  relation  to  each  other ;  subtitances  which 
undergo  itregt  and  retain  the  strained  condition  when  tho 
generating  force  ia  withdiawn  are  called  AieUcirie*.  and  tho 
fttciilty  of  receiving  this  stress  is  called  inductive  capacili/. 

(a)  Indaetiv:  cnp<ici'iy,  welectto-static  capacity,  ie  measured  in 
"  uiicrofiirads,"  and  ipreifie  indni-livi'  eapneilg  is  the  degree  of 
this  property  posseiued  by  speci6od  or  unit  dimensions  of  each 
particular  aubstanoe.  Inductive  capacity  varies  with  teniper&> 
ture,  and  is  generally  reduced  by  heating.  It  is  connected  alao 
with  the  relation  of  stibetances  to  light,  fur  ibe  tpeeijic  indxtftivit 
capafity  of  substances  is  its  the  wiuare  of  their  re/raclive  index. 

(6)  Rttitlaiife  of  dielectric*  fully  ws  the  same  taws  as  in  eo' 

^UCtora;  it  varies  u.t  the  thickness  and  inversely  as  the  ar 

QMoh  substance  hiis  its  own  specific  resistance,  but  in  dielect 

it  varies  inversely  as  Tem])erulure  ;  it  is  measured  in  megol 

(million  of  ohms)  on  account  of  its  magnitude,  as  compared  v 

that  of  conductors. 

Guttapercha  is  usually  meu£ured  at  7;"  Fahr.  sa  unit,' 
ilB    Bpuoifio  it-sislance  may  become  (aooording  to  Willc 
Bmitli)  2j'6  at  ja",  and  be  lowered  to  ■22}j  at  100^;  br 
values  are  also  ^y<^n,  and  no  doubt  much  depends  e 
puritv.     Tlif  resistance  of  1  mil-foot  is  1066  megohms. 

Indianibber  vuri&s  in  the  same  manner,  hut  to  on) 
uue-teulh  the    amount;    and   the  resistauoe  of  both 
with  pressure.     Its    re-i&tance  for   1   mil-foot  is  2D 
ohms. 

(c)  ITie  product  of  the  resistance  in  megohm' 
capacity  iu  microfurads,  of  any  dielectric,  ia  a  const 
the  (tame  temperature,  inespective  of  dimensions  on 

(d)  Uielecti  ics  have  each  a  speoiGc  hrtakimj  strain, 
enaurance,  ^  9^;  when  tb«  "atreas"  exceeds  this,  f 
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l>reakH  down,  and  dischargo  occurs.     Even  thick  glft«e  majr  be 
pierood  wliG<n  a  poworFul  cliar^o  is  concentrated  upon  a  small 
area  by  moans  of  pointed  oouductars ;    such  breaks  aasoiDd  *  J 
xigeag  line,  following  tho  points  which'  offer  least  roBistanoe,  \ 
or  wiiich  have  leaat  capacity  for  iitro>«,  and  tho  dischargi!  mAy 
break  off  into  soveral  lines,  as  lightning  docs. 

(e)  The  act  of  chargo  alters  the  diiuonsions  of  tho  dioloctrio. 
If  a  glass  tube  is  fillo<i  with  wator.  and  a  spark  led  intu  it  by 
condncti'Fs.  the  water  acts  momentarily  as  a  dielectric,  and  the 
act  of  discharge  shatters  the  glass  to  pieces.  Tho  expansions 
and  contractions  which  occur  in  a  condenser  are  such  as  to 
enable  audible  sounds  to  bo  produced  as  in  a  telephone.  N/hen 
H  transparent  dielectric  receives  a  chargo  it  is  found  that  the 
arrangement  of  its  tnolcculos  Is  alt«rod.  so  that  it  acts  differently 
with  polarized  light,  just  as  is  the  case  when  tho  mngnotio  Geld 
is  formed  in  a  transparent  substance,  and  the  degree  of  change 
produced  is  proportional  to  the  square  of  tho  electric  force. 

The  field  of  forci-  thus  fonuod  is  beautifully  shown  by  soino  J 
experiiueuts  recordud  in  a  paper  by  Messis.  lilicker  &  Bojs,  I 
to),  xvii.  p.  110,  of  tho  Society  of  Tologrniih-EiiKineori  aod 
Cloolriciani*.  Two  c^Oinden  are  eu  arraugod  in  a  glass  trough, 
OontainiDg  n  liquid  dielectric,  that  a  ray  of  pnlarixed  light  can 
travense  tho  spnuo  lietween  them.  Immodialoly  on  charging, 
this  apaoo  boeoines  douMe-refracting,  ns  gIn«B  docs  when  under 
iiooqual  etreaaes,  and  tlie  Ix^autitul  eolours  and  forms  of 
polarized  light  are  produo'JiL 

(f)  When  u  current  passes  into  a  dioloctrio,  there  is  first  ft 
euadoi)  rush,  and  thou  n  slow  flow,  due  ti>  two  causes. 

I.  Leakagt,  whidi  is  i>  true  ouirent,  due  to  tho  actual  oon- 
duotiiig  power  of  the  snbalanee,  or  to  any  aocadonUl  defects, 
auoh  as  cntoks  in  tlie  guttapcrehit  cuvering  n  wire. 

3.  Soakage.  The  dieleetrio  appi-'nm  tu  absorb  electricity,  aa 
though  the  strees  were  at  Gret  prwluocd  in  only  the  nearest 
and  most  yielding  portiona,  and  thon  it  appears  to  be  gnduaUy  1 
developed  tliroughout  the  muss,  nence,  the  inductive  capacity 
of  any  dieleotrio  will  be  found  to  lie  different,  if  it  is  taki>n  for  a 
merely  inomeulury  charge,  the  valuo  of  tho  first  nuh,  or  after 
B  prolonged  electrifioatiou.  Fur  most  purpoBos,  it  is  the  fint  of 
tluae  wtuoh  in  of  moat  imjtortauce. 

(j|r)  When  a  ooudoDser  la  diachurged,  a  oornwpundingourrent 
\»  produced  ;  first  a  msli,  then  a  slow,  ooittinuous  current, 
which  iH  (hti  "  aoakage  "  coming  out.  But  when  a  condenser  ia 
discharged  nudileuly,  as  through  a  small  n^isistance,  tho  current 
o*mllatfs  thniugli  a  surios  of  revorsalx,  dimisiahing  in  geometric 
progroHsiou.    The  oauMi  is  probably  tho  inability  of  the  wio^ 
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doctor  to  al  once  acoommodate  itaelf  to  the  cnrrent,  that  is  to 
what  is  called  itfl  eelf-ind notion.  A  paper  by  Dr.  Fleming  in 
the  Eleelrician,  sxi.  6,  shows  the  conditions  set  Up.  ui  a 
high  resistance  the  effect  is  a  ctureut  rapidly  fading  out. 

(h)  It  ia  poasiblo  even  to  send  in  BUccessive  revursed  cbargos, 
which  will  follow  each  other  into  the  mass  of  the  dielectric,  and 
will  return  as  currents  of  alternate  direction.  This,  alsit,  oconrH 
in  long  cables,  into  which  successive  +  and  —  itiipulHoa  uiay 
follow  each  other,  and  appear  a^  sif^als  at  the  dixta^ut  end. 

(1)  B£*ittual  charge  is  a  result  of  this  action.  On  discharging 
a  jar  or  condenser,  the  principal  portion  of  tlie  charge — that  dna 
to  the  first  rush  in  charging — is  instantaneously  given  up ;  tltat 
due  to  the  small  current  remains  in  the  mass  of  the  suniitauG«, 
and  after  a  time  a  frt«h  discharge  can  be  obtained,  or  several 
successive  ones,  each  fainter  than  the  preceding  one.  This 
reidiiual  charge  afDjirds  evidence  of  the  state  of  stress  existing 
in  the  substance  :  if  it  is  allowed  to  escape  as  a  very  small 
current  through  large  resistance  and  a  rofiectiug  galvanometer, 
the  spot  of  light  retiirtis  slowly  towards  eero  as  the  obargo  ia 
given  up :  but  if  tbo  Loydcn  jar  bo  tapped,  it  flashes  aorusa  the 
scale,  owing  to  tlie  sudden  discharge.  This  action  is  exactly 
what  occurs  with  a  strained  bur  or  spring. 

(t)  Fur  cvndeusers,  the  most  nseful  dielectric  is  ono  of 
high  resistance  and  high  cajiacity.  In  telegraph  cables,  high 
reaistancB  and  low  capacity  are  desirable,  because  the  stored 
ch&rgee  effected  at  eucb  change  of  current  are  the  caose  of 
"retardation,"  ami  limit  the  working  power  or  rato  of 
nmalling. 

For  the  properties  of  partioular  dielectrics  see  also  S  1 1 1. 

109.  BiCTABOATto.v. — When  a  conductor  and  a  dielectric  ooa- 
irtitute  derived  circuits  to  each  other,  the  conductor  canno* 
rwoeivetho  fnll  current  due  to  the  EMF  employed  until  tl 
oondenaer  is  charged,  but  the  currcnt  is  a  slowly  growing  00 
due  at  each  point  of  time  to  the  potential  the  charge  b 
reached  in  the  condeo^r ;  therefore  it  cannot  at  onoe  influea 
distant  instnimeDts.  This  is  a  branch  of  the  subject  of  "  st 
and  mutual  induction  "  which  will  lie  disoussed  in  the  ohapt 
on  Current. 

no.  SeMoirio  iNDtroTiva   Capacitt, — This    is    the    roU' 

c»paci^  of  each  substance  compared  to  that  of  air  in  the  b 

dimcni^ons,  dry  air  lieing  taken  for  the  standard,  as  wate 

liikon  for  tho  standard  of  specific  gravity.     Faraday  took  up 

ubjeot  in  hiit  iiraotical  way,  using  u  condeneer  composed  of 

f^wre  eucloMcd  in  another,  and  with  a  tube-stem  provided 

■to{>-ouck  by  which  the  dieloctrio  could  be  exchanged. 
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uulmin«nt  is  i^Qntiail  in  prinoiplo  with  Pig.  at,  p.  $}.  Be 
employed  two  Kiioh  \mn  uf  sphoTM  of  thfi  samo  siite,  one  oon- 
taining  air  and  the  uthor  the  ilicloctrio  to  be  compared,  aud 
ctiu-gioe  both  togpthur  fn^ni  tho  Hanio  EOuroOi  bo  meaeured  the 
"quantity"  abitorWl  by  each,  which,  of  conpw,  givee  tlie  rel»- 
tivu  oftpuoity.  Other  cxperimcntere  hitro  need  flat  plates  of 
ineMiireil  distunes,  nnduvuiled  thcmselvoHof  the  delicate  modem 
electroniL-terjt ;  Imt  the  real  valuoe  are  oven  yet  wry  tiDoertcun. 
Spnuirm  tuduotivo  cnpucity  is  frequently  eiprossed  as  that  of  a 
oontituetre  oiilie,  but  for  practical  ooinprehension.  the  moat  con- 
venient form  ia  thin  iitutuK  as  given  in  Table  I.,  in  whicli  I  have 
eolleuted  tho  most  reliable  and  tiseful  i>arti ciliary.  The  value  k 
win  bo  calculated  for  any  atibatanoo  by  mnltiplying  that  of  air 
O-Q}  J}  by  tho  sp.  ind.  cap.  of  tho  nubetauoe. 

Table  I. — Si-Bcii'ic  Isdbctive  Capaciti«i. 
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Dr.  Hopkiiiaon,  in  later  espenments,  finds  aneri'or  in  Gordon's 
results,  and  gives,  extTft-den8(!llint-glii»«  9*5,  paraffin  wax  3'JI, 
benzol  2'\S,  bisulphide  of  carlion  a -67,  and  oomineroial  oils 
3-to,bnt  oaator-oU  ^^^,  eo  thitt  it  icovidoiit  that  inuoh  has  yot 
to  bt)  learnt. 
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III.  iKBCiATDia  BlATBxuLa. — ^Tbe  following  aro  somo  of  tli* 
iiulwtaucbs  most  usefVil  in  coDBtractini;  apparatus : — 

(a)  AAeatut  is  made  into  aheets  wbich  have  luaoy  tiiea,  sneh 
u  covering  other  tuateriala  where  there  is  a  risk  of  sparking  ;  it 
is  also  maae  into  yam  and  need  to  inaulste  wires  as  a  protection 
in  oa*e  of  healiu^.  while  hy  covering  with  shollac  and  other 
laaterials,  it  ia  rendered  iutper^-ious  to  moisiuro. 

(b)  Ehonite  has  powerful  insulHting  aiid  dieleotrio  propertic«, 
but  air  and  e»|ji.'cially  ozone  react  on  tlie  aulphiir,  and  render 
its  surface  conducting,  §  ^9.  When  warmed  it  eoftens,  and  cun 
be  bent  intu  any  form,  wbich  it  retains  on  cooling.  It  is  aliout 
the  stroDgt-'st  of  all  electric  exciters.  It  has  be«n  found  to 
transmit  some  of  the  rays  of  light  and  heat,  and  has  Itcvn 
utilized  in  some  of  tie  remarkable  experiments  in  radiophony, 
which  will  be  described  further  on. 

(c)  Ctlluloid  is  coming  iutu  use  for  conslruotiug  battery  oellf 
as  it  iecjisily  cemented  together  by  a  solution  of  itself :  it  is  real! 
ft  conree  sort  of  collodion  or  gun-cotton  made  of  cotton  wa«t« 
bat  h>s  camphor  and  other  materials  mixed  with  it :  it  sbou) 
be  rememl.>e]¥d  that  it  is  very  inflammable. 

(<i)  Glan  varies  greatly  in  it«  projwrtiwi,  see  S  29.     Gryp 
ooutaiiiiug  much  lead,  is  a  bad  ioeiilator,  and  all  kinds  con 
when  heated.     For  m<>st  electrical  uses   the  German  gir 
superior  to  EngHnb.  see  $  ^j. 

(e)  OuUapfTtha  is  used  in  very  thin  slieet  for  condensf 
ill   eoils,    but   ])araffined   paper  replaces  it :   its   ]K>ro¥ 
absorption  of  waler  are  great  defects  for  general  uses 
iiLSutatur    for  wire   it   fails  when   exposed   to   air,   V 
oxidizes  and  becomes  brittle;    but  when  it  is  entii 
water  it  improves  and  appears  practically  indeslmct' 

(/")  Otvkeril    is  a    mineral   siibslunce,   which  by 
yields    a    material   closely  rt'sembting   paraflin,  a 
i^esidue.  which  is  largely  used  for  instilatin);  w' 
Tating  the  coltou  covering.     When  first  used  grc 
tnteriaincd  ns  to  its  value,  as  iu  inductive  caiw 
to  ht  slighttv  greater  than  guttapercliu.  wbik*  ili 
l«Dlbld  :  ii  docs  not  ap])ear  to  have  fulfilled  its  [ 
(y)  Paraffin  is  a  most  valuable  subslauco:  ' 
iuto  a   block,  it  niakea  an  exeelleut  inaultitiu 
l«coRics  permeated  with  minute  cracks  which 
pdDctrato.     Its  xuo  is  saturating  wood  and  t 
i  4G.     It  is  unefol  in  batlories  to  resist  the  ' 

lio  stopjicr  and  neck  of  bottles  are  wai'n' 

lU&ffin  allowed  to  melt  upon  them  and  nil 

viU  not  set  fast,  and  tliey  make  the  boUl« 
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tKo  lalwlt)  miky  bo  prut«ot«cl  by  warming  owr  »  Buuboil  bumor, 
or  Hnirit  lamp,  Nuilicivntly  to  molt  and  nbaorb  patttffiu.  WhoD 
■Kilid,  thin  in  oiiu  of  the  l>Mt  insuUtors,  but  its  roriatanco  lowom 
with  wttrmth,  mid  vory  tniich  do  when  moltod.  If  two  silk- 
ooTftrod  wiroN  arp  wound  itidu  by  sido  on  n  rcol,  <ms  end  oon- 
ij*ot«d  Ui  a  battory,  mid  tbo  otbfv  to  a  dolicato  gtlTanomwtwr 
ftlmi  coiiiu-ct"il  to  tho  li»tt«ry,  the  other  two  ondn  being  kppt 
«purt,  currunt  will  bo  found  to  p<uw  tliroiigh  the  Hilk ;  if  the 
rool  (•  now  bakrul  cnrefnlly,  much  le«s  current  will  pass  as  the 
dik  in  dry:  if  tho  reel  in  now  soaked  with  mettod  paraflin,  u 
oonHidoruble  ourront  will  piuw,  diminitihing  as  the  rool  cooIb,  and 
ultiinatuly  liocoming  initppreoiiiblo. 

Parnffiu  forniH  u  Hulphiir  compound  by  diEpliiuemunt  of 
hydr(>gou  :  thia  is  u  ooiiveuicut  nimle  of  obtaining  amnll  ijuau- 
titieH  uf  Mulphuret.tcd  byilmgt^n  whioli  in  givi-u  oQ'  when  paraffin 
and  sulphur  nre  mulUid  together  iu  a  teat-tube.  The  ivsiduu  ia 
41  hard  red  substance  wliich  would  prolmlily  prove  u^fu)  for 
eleotrioal  purposes. 

fA)  Shellac  is  chiellv  used  as  a  varnish  dissolved  in  spirit  or 
mixed  with  resiu  and  Wtewm  as  u  comeLt  for  coutitig  vcsBOhi  or 
uniting  glaaa  and  metal.  It  is  a  cuuduoturaH  loug  as  it  roiuains 
li4uid. 

(i)  Slate  ia  mnoh  used  as  a  basis  for  commutators  and  other 
eUotiiu  light  apparatus,  where  there  ia  a  ri«k  of  sparking;  but 
it  la  liable  to  contaiu  moiature.  and  is  improved  by  slow 
warming  and  thou  boiug  kept  for  some  time  in  melted  [<araffiu 
to  fill  up  the  poies. 

(k)  VvUawzed  Fibre. — This  serves  as  aa  tdvuitageotis  siib- 
atitute  for  obonito  for  many  purposes,  such  as  staDds,  tuboa,  and 
wuheni  it  ia  much  stronger,  and  tloc«  not  soften  with  heat, 
iboQgh  it  dooa  with  moisture.  It  is  composed  of  cellulose  dis- 
solved iu  lino  ohioridn,  and  then  treated  with  sidphur.  It 
workii  well,  and  is  vory  uscfid  for  washera,  as  oil  dous  not 
injttro  it. 

(f)  Wood,  aa  it  ooutaina  moistnro,  varies  much  in  its  inaula^ 
iag  power;  it  is  found  to  conduct  most  in  the  diiiwlion  of  tta 
fibres.  'I'ho  uiudo  of  prejuiriug  it  with  paraffin,  which  makes 
it  SB  exovllent  iusuhitor  and  roMctar  of  moistuie.  is  described 

113.  DiKRAKaK. — SoHiallod  atstic  eleotrioity,  whioh  meami 
sUotlioity  of  great  t«niriun  ojKirating  across  highly  resiatiug 
uediSi  doTulops  a  current  of  very  idiort  dumtiou  aualugous  to 
the  bursting  of  a  dam  iu  tho  ciuu  of  wut»r.  Tlio  varioun  forma 
of  li);htning  are  natural  instaneoM  of  this  disruplivL-  dincharj;*. 
Tbo  action  may  be  considered  as  duo  to  the  iade]iondeut  aotioa 
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of  the  siDglo  pole^  and  thb  was  Deceesarilj'  the  earliest  opinion, 
and  the  lia^ia  of  the  muthemaiicitl  treittoiciit :  tbia  doctrine 
would  itivolyeatitpolardisehanje,^  121.  On  the  othiir  hand  wu  may 
cuiittider  dinchiirge  as  ajialogoue  to  eleclric  currviita,  aud  dtia  to 
the  ooinbined  action  of  the  two  jiolea.  But  thtins  ia  oerlainly  a 
diScrtnce  in  tho  action  of  the  two  polca  or  plL-ulrioilit-B  :  if  a 
discharge  bo  pu&sed  throiigli  a  card  by  pasting  ii]jou  Its  two 
udes  pointed  piei^es  of  tiufoil  with  tbfir  poiuta  not  qnite 
opposite,  there  will  bo  a  bnrr  produced  on  b.tth  nides,  indicating 
that  tho  foree  ia  not  a  penotratinK  ^^t  a  pulling  one,  acting  by 
atlraution  from  each  pole ;  but  the  hole  will  Ite  ninoh  nearer 
the  —  or  negative  pole. 

But  the  principal  evidence  of  thia  difference  ia  found  in  the 
appearanoe  of  the  discharge  itaolf ;  thua  the  positive  polo  tends 
to  produce  a  bruah  discharge,  apparently  spreading,  while  the 
iwgative  tends  to  a  bright  concentrated  star  fonn.  The  effect 
is  shown  in  Fig.  32. 

Fia.  £2. 


The  appearance  is  modified  by  circnniBbmoes,  such  as  size  ( 
the  teruiinals,   and    their    form   as    balls  or   points,   and    tb 
consequent  relative  denaitiea,  aud  lines  of  force,  but  still  l' 
direiitiiyn  of  the  polarity  altera  the  effects.     A  brush  will  be  p 
duoed  at  the  rounded  end  of  a  wire  in  both  cases,  but  the  nega 
brush  is  leas  defined  than  the  positive.     Ho  with  the  star; 
pointed  wire  be  approached  to  a  large  ball,  a  star  forma  0 
point  is  both  cnaoe,  becauao  itconcentrates  the  ruoh'oular  ac 
but  if  the  ball  be  4->  the  star  continues  till  the  point  ia  cl( 
it,  only  becoming  brighter;  but  if  the  ball  be  — ,  as  the 
approacbea,  the  atar  turns  to  a  bruxh. 

1 1].  One  feature  of  electric  discharge  is  important  U 
bocause  it   ia  connected  with  tho   theory  of  eloctricif 
always  attended  with  mechanical  motion  or  moleoulai 
ancc     Thus  as  a  gcnural    rul>>,  when  disobftrge  is  C 
there  is  a  sireom  of  air  from  the  discharging  points. 
tliown  in  many  electrical  toys,  such  an  tbe  whirl. 
I  inok-cular  cobeaion  is  ilestroyed,  aa  in  tho  pierce 

I  broken  glaas  of  an  overcharged  Loyden  jar,    T' 
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Are  NmiW  to  thorn  of  lightning ;  thus,  if  a,  piece  of  wood  havo 
two  wiroa  ioBerted  in  it  so  that  the  points  approach,  but  aro 
wpKrntod  by  a  stratum  of  wood,  a  fitroog  charge  parsed  will 
8hittt«r  tho  wood  to  piocos. 

114-  Further  Htudy  of  tho  clootric  spark  will  alao  show  ns 
that  a  moU'cular  docompointioD  of  tho  dischai^ng  surface 
ociciitF.  If  two  pioce*  of  gold  leaf  bo  plaood  on  paper  with  tho 
ends  Hlighcly  s<!i>arat4!d  and  pnwso'l  between  two  non-oonduct- 
ing  HurfnceH,  tho  metal  is  detncheil  aud  spread  in  minute 
|Hirtic-luH  over  the  interval.  So  in  tho  cloctrio  light  a  stream  of 
DioU-culw  of  carlK>n  in  dotaohed  from  oao  polo  and  carried  to  tho 
other,  the  iuturvul  Ixiiiig  filled  with  carbon  in  the  state  of 
vapour  or  gas  or  uli&oliit«  nicilecnlar  diviaion — which  is,  by-tho< 
bye,  the  only  case  in  which  pure  oarbon  gas  is  known  to  bo 
pruduued. 

115.  The  eolmr  0/  the  tpark  ia  modified  by  the  nature  of 
the  surfufo  giving  it,  well  metal  inijHirtiDg  its  own  colour  ;  and 
if  the  Hpark  is  eKitmlnoil  by  the  apectroKCopo  wo  find  that  it  is 
not  electricity  piuwing  in  n  vieiblu  form,  ns  ia  auggostod  by 
believers  in  tho exJBtiiioe of  oloetrioity  an  a  fluid.  ThL'speotrum 
oousiattt  of  bright  hitnils  varying  in  tlioir  characl^ir  nt  ditfur&ut 
parts  of  the  apace  acruMB  which  tho  spark  pueai^ :  done  Vt  the 
eleotrudea  those  bands  am  thnse  belunging  to  thu  motnl  of  tho 
Oonduotor;  these  wi'uki^n  and  disappear  us  thi^  distance  incruunea, 
and  are  reptuRcd  by  thruiu  uf  uir  or  otlior  gus  in  which  the 
diBObarge  occurs,  mingled  with  olhom  due  tu  tho  |iurticlt«>  of 
Goatttir  duating  in  the  iiir :  the  spark  coueiiits  thcrufurc  of  the 
mattur  which  it  tntvcrxcH  and  n:ndorH  iiicaiideHCunt. 

ti6.  The  Icniflh  o/tvark  di'iicudu  on  the  diifereiice of  potential 
between  the  diaohargiug  halla :  hut  not  according  to  a  definite 
aaoertaiued  law,  as  in  the  oa^  of  ourrenta ;  that  la,  the  diatauoe 
in  not  in  the  ratio  of  the  potential.  The  fullest  iuforuiatiou  we 
have  on  this  subject  ia  derived  from  careful  experiments  by 
Mr.  Warren  do  U  Hue  with  a  battery  of  14,400  chloride  of 
silver  oella. 

With  1 1 ,000  cells  or  a  potential  of  volts  Ji.]}0  a  spark  of  o-6j 
inch  wan  obtained  between  points,  and  below  that  force  it  wm 
found  that  length  of  sjiark  varied  as  the  stiuaro  of  tho  potontiftl 
(which  is  as  the  force,  S  89).  For  sparks  over  )  an  inch  long,  the 
poi«ntial  in  about  10,000  volts  per  inch.  But  with  disca  and 
oiher  furms  of  electrode  thia  relation  docs  not  hold.  Upon 
thcou  <Uta  it  would  require  a  potential  of  volts  3,604,000  to 
produce  a  li>;hlniug  flash  of  1  mile  in  length. 

117.  Diminiihtil  prewure  0/  air  teuglhens  the  spark  in  the 
invxiTse  ratio  uf  pr«aaure :  hut  Sir  W.  Thomson  and  Mr.  Gordon 
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find  this  holda  only  down  to  a  pressure  of  1 1  inches  of  mercury.  J 
Tliat  M  to  H»y  that  •'  greater  E  M  F  por  unit  lonj^b  of  ufr  is  i 
raquircMl  to  produce  a  spark  at  short  disUncus  tlian  at  loug," 
or  according  to  Mr.  Oordoo,  '■  at  low  pressurus  tlian  at  high." 
iSoth  observers  say  thttfit  is  difScnIt  even  to  conjuuture  an 
eiplanntion."  However  1  will  veuture  a  siigguBliim.  Proliably 
the  particles  of  sir  are  attrnctod  to  the  two  balls  and  held  tberv 
in  dcins<:ir  striita;  certainly  ibo  linc-s  of  force  concentrntc  upon 
the  bnile :  the  greater  toe  diatanco  apart  the  Ichh  effeot  this 
<!onceutration  niiiet  have  on  the  tcrtal  rcsistAiicc,  und  therefora 
this  may  be  expected  to  form  a  curve  dependent  iip<iu  the  nttio 
the  denser  portion  of  the  field  l>earH  tO  the  total  length  of  th« 
Held  of  force  and  line  of  discharge. 

At  a  prcseiiro  of  about  1 5  inches  the  spark  diachurge  tends 
to  pans  into  a  bru>'h  which  filie  the  tube  :  and  a»  the  preasure 
diminishes  the  phenoraona  to  be  observed  in  "  vacuum  "  tuhoK 
are  developed;  while  the  colour  of  the  light  and  enpeciuUy  tha 
spectrum  it  genemteB,  are  those  of  the  gas  cunlainttd  iu  the 
tube. 

)l8.  Light  affccl»  ditchargc.—A  puper  by  Wicdnmnn  Aud 
Kbert  (see  Eleetrinan,  xx.  524^  shows  that  light  modifies  the 
nature  of  disohurge,  hut  pnneiiially  at  the  —  pole,  straggling 
itparks  are  brought  into  single  line,  without  noise,  and  u  tel&- 
ptione  attached  to  the  pule  gives  out  a  different  note.  The 
violet  and  ultra-violet  rays  appear  tu  be  the  most  active. 

119.  UoBATioH  OF  Sfabk. — In  iS}4  Wbeatatoue  attempted  to 
moaeuro  the  time  occupied  by  an  eleetric  discharge,  and  alao 
what  he  snpjKisod  was  ihe  velnoity  of  electricity.  The  principle 
iasuHccptible  of  luauy  useful  applications.  An  object  reflected 
in  u  mirror  is  seen  in  its  true  proportious,  i,  e.  a  point  of  light 
will  bo  seen  an  a  point  thus  .  If  the  mirror  is  so  mounted 
that  it  can  bo  rotated  rapidly  on  an  axis,  this  point  will  be  soon 

in  tho  mirror  as  a  line  thus .     But  if  the  point  of  light  haM 

an  oxistonce  so  momentary  as  to  answer  the  mathematical 
definition  of  a  point,   no  Telocity    of  motion  will  change  its 

reflection  from     .     to .  and  any  such  prolongation  will  be 

proportionate  to  the  actual  duration  of  the  light  itself ;  thereforo 
such  duration  will  he  calculable  from  the  angular  motion  of  tho 

mirror  white  the  is  vieible.     By  this  weans  it  waa  asoer> 

tained  that  the  duration  of  the  discharge  of  a  certain  Leydun 
jar  was  i-z^.oootb  of  a  iiecond. 

HO.  Velocitt  op  Electricitt. — The  same  apparatus  was 
applied  to  measure  tho  rate  at  which  electricity  traversed  a 
conductor ;  n  series  of  balls  were  arranged  upon  a  disu  in  tho 
wtmo  plane  as  tlie  axis  of  the  mirror,  so  as  to  form  three  spaces 
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of  i-ioth  incli  acrcMs  which  apark«  woulj  jwas  (•  •  •)  after 
trftVenin^  IeQ>;t)is  of  wir«,  the  M{iurkK  i  aii<l  j  npKMDtinK  tlio 
enda  of  the  circuit  «tid  the  apark  2  it*  middle,  fln^  npftrkii  ax 
drawn  out  would  show  the  tiuio  oocupied  in  tTAnmniiwion,  nod 
it  waa  ooQclndod  that  the  wWity  whs  iSS.ooo  inih«  per  Boctjod. 
This  deduction  was  errouoi^iUH.  mul  it  is  known  now  that  if  thu 
Telocity  were  measured  in  this  mnuticr  in  n  tnilo  of  wiro 
Kirotohed  in  one  tpii);tli  and  hack  a^ain.  ami  then  in  Iho  mmo 
wire  wound  in  one  leuRlh  upon  a  rt-el,  very  different  vbIucb 
would  be  found,  and  different  valuow,  if  thu  reel  were  of  Urgo 
and  mall  liiametcrB,  owing  to  the  diJTerent  conditionii  of 
indnotanooi. 

From  the  various  reUtiona  of  elcctrioit^  and  liglit  it  is 
howerer  nearly  certain  that  the  true  velocity  indepondont  of 
isduolive  reta^tion  (§  109)  is  the  aame  a«  tliat  of  tight,  tik. 
about  iS;,ooo  inilea  per  aeoond. 

121.  Duii.  Natoiie  of  Electrioiit, — If  the  electric  cnrrent 
were  aimnltaneoualy  developed  in  the  whole  circuit,  the  ap- 
)icaranoe  of  the   Uiree  apurka  in   the  rotating    mirror,  S   lOO. 

of  their 


would  bo  eitlicr  :  "*• '  ■  ncooriling  to  thu  period  of 
exiatenfc^  If  electric  trauEiuiasion  roBemblod  a  current  of 
water,  and  starting  from  one  end  of  ths  conductor  flowed  to  ih« 
other,  iMnaing  aucveesivcly  at  each  opcnin);,  the  appeanmoo 
would  l)e  ~TT,.  -  But  this  i§  not  so;  the  appearance  i8^_  . 
Thin  adniita  of  only  one  explanation :  thf  fitetrie  eurrmi  1* 
gtneralfd  e/jaallgal  eafh  end  0/ the eotuiurlnr and jJy'iea  tolkcwttddlf. 
The  working  of  long  telegraph  cabl(«  shows  that  momsutanr 
electric  impolaos  are  of  the  nature  <if  a  wave  of  influence,  micfi 
as  may  he  produced  by  a  shako  on  a  rope ;  the  wave  txavelH 
onwards  by  virtue  of  the  energy  imparted ;  in  cables  iiuoh 
enco«esive  impulses  can  bo  so  sont  an  to  follow  eaoh  other,  even 
tlkongh  of  rev«rso  dir«c1ion,  each  tmrelliog  indepeudcntly 
along  the  cablo  and  appcnring  succcssivoly  at  the  distant  «na, 
resembliog  the  action  of  dielectrics,  §  108. 

Fig.  13,  p.  ^),  will  explain  tbo  nature  of  tho  eleotrio  imnnlnb 
We  may  consider  tho  middle  lino  of  tho  molocnlo  a  as  being 
the  focus  or  point  of  origin  of  tho  electro motive-foroe  ;  it  vrould 
be  the  surface  of  contact  of  n  friction  upptnitus  or  the  face  of 
the  nno  plato  of  a  g^vanic  battery,  the  iK>int  at  which  energy 
ifl  tranaformed  into  electric  force.  1'h<>  iKiturixed  moleonles  at 
once  exert  their  inductive  power  in  each  directum,  meii  acting 
through  all  tho  lines  open  to  it  and  nix«MwriIj  paoging  into 
those  of  loaet  ndslance.  whore  tho  oonditjuua  of  neotralisation 
are  moat  readily  aet  up. 

133.    FOlar    AcTiOR*. — All  tho  known  facta  of  elocirioitT 
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acting  as  a  radiaut  {xJiut,  indueet 
jHilur  onler  in  all  euriouiiding 
mattar.  In  such  au  action  it  ta 
clmr  that  each  circle  will  bo  ui 
equipotenliai  line,  with  do  tondpncy 
to  nde  actions,  bocunse  the  force 
ia  radial  only,  and  every  particle 
of  matter  tatces  np  what  force  its  ponition  jnesents  to  it. 
Every  siich  circle  will  haie  cqnal  force  acting  from  it,  also 
ntdially.  and,  therefore,  the  force  at  each  point  of  each  circle 
will  be  invernelr  as  the  eqttare  of  its  distance  from  the  oentre. 
That  )B  to  eay,  tlie  tension  on  each  tnolecnle  in  the  lines  of  the 
field  of  force  thus  generated  will  diminlsb  aa  the  square  of  its 
diHtance. 

laj.  Now,  wo  have  a  perfect  phyeical  analogue  of  this.  Let 
a  level  plane  Burface  receive  a  euppty  of  water  ut  tta  centre^ 
and  it  will  flow  outwards  in  all  directions  in  this  exact  mannori 
ftnd  its  distribution  upon  and  velocity  of  flow  will  be  identical 
with  the  conditions  of  Fig.  ij,  in  which  1  have  endeiivoured  to 
ropreseut  the  facts  by  the  diminished  size  and  increasing 
number  of  molecules  aa  the  distance  increases. 

If  we  now  conceive  of  some  eonditinn  which  puts  this  surface 
out  of  level,  the  flow  of  water  will  be  altered  into  au  elliptic 
system,  narrowing  the  more  as  the  inclination  increases.  If  we 
conceive  the  plane  as  perfectly  bulaoced  on  its  centre,  any 
cause  which  induces  the  water  to  tend,  however  slightly,  in  ont 
direction,  will  cause  the  plane  to  cant  over,  and  direct  the  flo' 
laoTo  and  more  ia  tbia  direution. 
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show  that  it  is  a  dual  action.  All  the  theories — the  two-flidd, 
the  single  fluid  +  and  — ,  or  the  molecular  theory,  wliioll 
considers  the  two  olcctricitiM,  or  electrifications,  as  merely 
the  two  sides  or  ends  of  polarieed  matter — agree  in  this.  Bat 
the  mathematical  treatment  is  based  »p(>n  single  and  iud»- 
pendent  actions;  this  is  the  meaning  of  that  theory  of  the 
earth's  action,  either  in  the  generation  of  electricity,  in  indao- 
tioii,  or  as  return  conductor,  which  regards  the  eartli  as  a 
reeervoir  and  sink,  from  which  we  can  draw  ur  into  wliioh  we 

can  discharge  either  -j-  or  —  eleo- 

Pie-  8*-  Iricity  separately,  and  souie  ex- 

.  J.  perimenters  have  sought  to  proTO 

^A  0  9  9/  ^^^  existence  of  unipolaT  aetiont 

^•^^fl    rt/«^  «aQ\i   as  accord  with  this  treat- 

ATixM^Vt?^^  ratnt.  §  1 25*.    In  Fig.  J  j  we  have   ■ 

^^"^^i^t/^^^*''      *'**'  picture  of  snob  supposed  a<H  ■ 

C>C^^^|^||^^^3'cB  tions.     The  independent  pole  +, 
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Jirttt  Knob  an  iniluonoe  we  have  in  E^leotrioi^.  The  second 
radial  tytUm  —  u  alieaya  lometehere  ;  it  may  be  oonceircd  as  a 
Huuond  B;»t«m  vimilar  to  Fig.  2),  but  with  the  lines  of  foroe 
uud  lh«  laiilccalar  uriJor  reversed. 

114.  Therefore  tho  circles  of  these  two  Solds  tunst  altimately 
iRMit,  and  tlifii  the  lines  of  force  will  ftttroct  each  other  with  an 
elfuct  siuiilar  to  that  of  tilting  the  water  plane,  that  is,  they 
oonvort  the  two  supposed  ind-'pondent  radial  points  into  the 
foot  of  an  ellijiBc:,  and  the  radial  lines  into  the  curved  lines  of  a 
olosed  fitjld  of  force.    I  endeavour  to  show  this  action  ia  Fig,  24, 

Fid.  24. 


but  a  diagmm  cannot  convoy  the  known  fact  that  the  elootrio 
foroe  exerls  itself  in  the  direction  of  motl  eapaeily  {better  kuown 
by  the  miBloading  term,  /inc*  of  loatt  rwwfnnM),  and  this,  as  well 
aa  the  law  of  inverse  Bqimres,  will,  therefore,  concentrate  the 
action  into  the  apace  inclosed  by  thoarrows.  If,  therefore,  there 
be  a  good  conductor  in  the  line,  thiit  becomes  the  shortest  path, 
and  IS  repreeeinted  by  the  thick  line  between  +  and  — .  Along 
this  tine  the  oonstaut  charge  and  discharge,  or  molecular  inter- 
action, which  we  oall  ourrmtt,  is  propagato<I.  But  the  external 
induction  is  maintained  as  a  condition  of  static  eatress  or  teUKioD, 
and  conetitutes  the  inductive  circuit  around  the  conductor, 
taking  a  static  oliargc  oorreHpouding  to  the  forcbti  exerted  at 
each  point,  and  the  capucity  of  the  medium. 

135.  We  may  considi-r  thiH  process  as  a  kind  of  search  for  the 
point  of  union,  luid  an  preceding  the  actual  generation  of  what 
can  be  truly  oalled  electricity.  When  wo  remember  that  the 
inductive  propagation  has  a  velucityof  185,000  miles  per  second, 
S  1 10,  it  is  easily  understood  that  even  though  the  circuit  has  to 
be  developed  (as  in  cables)  over  a  path  of  several  thousand 
miles,  the  formation  of  the  beginning  of  current,  S  109,  is  instaD- 
taneous,  especially  as  the  inductive  mrcnit  rodlly  starts  from  two 
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ailjoininc  mrfacw  and  ctm  spread,  not  in  full  clrcIoB,  os  in 
Kig.  ij,  ciut  in  gradnKlly  advancing  area  similar  to  tho  dotted 
lin«B  of  Fig.  lo,  p.  ij,  rspidly  running  along  tho  caWe,  of 
which  we  can  cunrider  the  moleculca  a  a^  roproECTiting  tho 
conductor  and  those  of  6  as  tho  eheath. 

115*.  Unii-olab  VisciiAUUK.  Sonio  electriciane  hold  that  each 
electricity  acts  independent  of  the  other,  and  that  dischurge  may 
occur  from  au  isolated  polo.  One  instance  of  apparent  itnipolar 
actioD  is  contained  in  a  paper  by  Mefisre.  Spottiewoode  and  M 
Monlton  (Phil.  Trans.,  1879.  p.  165  J.  They  conn euted  oue  end  of  ■ 
two  vacuum  tubes  (constituting  derived  circuits}  to  the  —  polo 
of  the  coil,  and  tho  other  ends  t«  a  ball  fixed  at  some  diatanoe 
from  tho  +  pole,  bo  that  tho  current  was  mor«  inlemipt«d  and 
nhorler  in  duration  (as  duo  to  a  spark)  than  if  coming  dirtct  from 
the  wire  in  a  closed  circuit,  Tho  spark  selecteil  one  tube  rather 
than  the  other  for  its  proper  path,  and  in  the  other  tube  it  only 
produced  11  glow  extending  half-way  along  it  in  a,  reducing  cone. 
Vt  this  tube  they  auid  that  the  di^cha^go  in  it  ia,  in  fact,  one 
which  U-avi's  tne  -i-  jiole  and  enters  the  tiib«,  but  not  with 
sufficient  force  to  paw  through  it,  and  eo  relumH  ou  itself. 
But  there  is  a  simple  explanation  accordant  with  the  universal 
facta  of  electricity.  Tho  tulxw  um  not  nuiti-  equal  in  resistanoei 
or  some  accidental  eircuiuHtaucu  in  or  uronud  them  trans fomu 
the  partial  dischar^  thruugh  one  tul>e  into  a  circuit  through  and 
along  Uie  glass  of  tho  tube  it^If.  The  authors  proved  thia 
without  seeing  it,  for  they  luude  a  tuho  with  an  int«nii<'diary 
electrode  connected  to  oue  of  tho  end  terminals  and  to  the  -f- 
polc^  the  other  end  going  to  —  pole.  The  circuit  might  00 
oxpcctod,  in  thia  case,  to  confine  itself  to  the  latter  half  of  the 
tuDO,  bnt  actually  two  cones  formed  iu  the  other  half,  rcpre< 
sonting  opposed  unipolar  disoharged.  These  are  evidontlv  » 
douhlo  derived  circuit  oloeed  on  the  glass  of  the  tube.  Thia, 
also,  the  authoia  proved  without  seeing  it.  Ketuming  to  the 
two-tubo  experiment,  they  attached  an  external  conductor  t9' 
tho  -f  pole,  and  approaeliitig  it  to  the  exterior  of  the  tube,  juat 
beyond  the  supposed  unipolar  cone  diaoharge,  they  drove  it  back 
and  stopped  it.  Ob\ioualy,  they  added  an  external  counter 
foroo  which,  preventing  completiott  of  the  circuit,  preveikled 
ftlso  the  discharge.  The  eaae  ia  precisely  like  getting  a  Hhoolc 
from  one  terminal  of  a  coil,  tlie  circuit  completing  iteelf  through 
the  partially  conducting  supports.  It  may  be  taken  as  certain 
that  th<!  two  poles  are  indisaolubly  united  and  that  each  Liket  equal 
~irt  in  tvcry  ael  0/  liigifiarge.  and  cannot  generate  electrical  dis- 
rge  uutU  it  hae  found  a  circuit  uniting  it  to  tho  other. 


(  «1  ) 
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UAOSSTISK. 

I  iC.  The  jnraow  of  this  ohaptur  ia  uat  to  tntut  of  Qiagiiutlttni 
nod  its  pbM)imitS&  AQ  their  own  aoouuiit,  bttt  uuly  to  ilua]  with 
them  Ko  fur  an  they  are  connected  with  or  throw  u  li^ht  upon 
uleolricitj'.  Furiher  iuforitmtion  will  bo  found  nhio  in  tho 
uha|)ittr  on  Eleotro-magiiotiBtu. 

The  power  of  tho  loadatooo,  a  nattiral  maj^etio  oxide  of  iron, 
FojOt,  to  attraot  iron  was  discovered  in  early  times,  aa  aleo 
that  it  could  impart  this  property  lo  steel.  The  first  striking 
property  is  a  dirtotive  power  by  which  a  bar  of  maguetizetl 
sUmjI  plaofw  it8«lf  iu  one  poeitioii,  )H>iiitiiig  north  ami  nuuth ;  tbe 
Tioxt  is  that  when  two  such  bars  approach  each  other,  two  of 
tho  onds  Attract  and  two  ropol  each  other. 

117.  It  is  thon  found  that  tho  active  force  is  oonoentrftted 
mainly  ut  the  two  ends  of  the  bar,  towards  which  the  holding 
power  on  iron  is  greatest ;  thus,  if  a  bar  niagiiot  he  rolled  in  a 
lOMs  of  iron  fHingin,  those  will  adhere  to  it  in  tho  munn«r  shown 
in  tho  middle  portion  of  Fig.  ij.  The  intensity  at  liiflToreut 
partii  of  the  bar  may  ho  luonsurcd  by  tho  attrnctiou  of  a  *innll 

t>ie«oof  iron.orby  tho  action  on  a  very  email  ningniiti/cd  no«<lIe. 
t  is  found  tho  pole  or  point  of  gront^^st  force  is  not  eituuted  at 
the  extremity  ot  the  bar,  but  at  n  distauoo  within,  varying  with 
tho  length  and  form  of  tho  magnet,  ami  nieu  with  its  surround- 
ings. Tho  distribution  of  magnetic  force  may  bu  rpprnsontod 
Inr  cnrrea  isimilar  to  tbosu  tihawing  static  oluotrio  diatri button. 
Ilenoo  ft  nhiciuu  or  resumblonco  betwui^n  oluctricity  and  mag- 
netism was  soon  porOL-ivod,  and  this  led  to  tho  hyjwtliOHiB  of  two 
uagnatio  fluids,  the  Austral  and  Itunsil,  now  eutiruly  aban- 
doned, although  their  brethren,  tho  oleutno  fluids,  are  still 
dierished  by  many  philusopht:rs.  The  resemblanoe  is  now 
leading  to  the  adoption  of  a  similar  matheoiatioal  theory  for 
the  two  furoes,  and  to  the  creation  of  a  parallel  set  of  units  of 
measurement. 

ij8.  a  remarluble  feature  in  magnetic  force  ia  that  it 
apparently  acta  at  a  diatanoo  withuut  iclatiou  lu  iut«rveniu(- 
Hubstanoes,  providing  these  are  not  thuinselvoi  magnetic.     But 
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ttufl  is  only  apparent  Thcro  ia  n  tptetfic  viagnttic  eapacitg  ia  i 
bQbstncioiM,  just  m  ia  electricity,  9  i  lo.  Iron  posepssoa  it  in  < 
higbo«t  ilcgroe,  tUeii  nickel  and  oobalt,  while  other  koI; 
pgncw  u  very  ainall  capacity  to  retain  a  magnedo 
though  all  transmit  magnetic  linoa  of  foioo,  anloas  it  i> 
eihvr  whicli  ful&ls  this  function.  Uonco  a  magnet  act* 
powerfully  through  glass  aa  thn^igh  air.  If  wo  place  a 
of  glwe  over  a  bar  magnet,  and  sin.  iron  filings  over  it,  t^a 
niraiise  thenmelvee  ill  obedience  to  the  force,  if  wo  lightly  b 
the  gULBS  to  aid  them  in  moving.     Fig.   25  shows  the 
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the  filings  luranging  themselves  in  closed  curves  which 
tltv  liiiett  of  force  surrounding  the  magnet,  and  on  whicih, 
raliier,   on    ihe   tnn(;cnt   to  which,  at  any  part,  a  sus] 
ningnutic  needle  will  place  itself.     This  figure  roprownts 
furu  a  nection  of  a  magnetic  field ;  the  field  itsolf  of  ooniM 
L-xtcudiiig  round  the  magnet  in  all  directions. 

The  oiirvcs  vary  according  to  the  position  of  the  several  poles 
in  a  field  :  thoy  are  formed  upon  the  same  principles  as  tboSB 
of  Figa.  17,  34,  and  render  visible  in  magnetism  the  lines  aoi 
fields  of  foroo  which  can  only  bo  peromved  by  the  imagiiuatioD  In 
olectiioifry. 

1 39.  To  iindcrRtaod  tlie  magnetic  condition,  we  most  examine 
tile  magnet  iteiilf.  Thus  far  we  »oo  in  it  a  repetition  merely  of 
the  cleotrifiud  cyliiidi-rs  in  Fig.  30  with  tho  +  and  —  charges 
apparently  collected  nran  their  sepnia to  ends.  If,  however, me 
of  those  cylinders  is  divided  across  the  middle,  wo  obtain  the 
two  parts  in  the  opposite  states,  one  wholly  +  the  other 
wholly  —.and  thoro  is  thus  some  ground  for  the  idea  that  we 
have  rooUy  separated  two  fluids ;  but  this  is  not  the  case  if  we 
break  a  magnet  across,  for  wo  find  that  two  perfeci  laeffneta 
are  nrodncfw.  tT-o  fresh  and  opposite  poles  being  gooentted  oat 
of  tne  proviooaly  inert  middle,  while  the  forces  these  poasan 
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are  takon  from  the  url^^iiiivl  t<^^lnilllll  poles,  tho  attmotive 
powers  of  wUiok  aro  reiliKJud.  Wu  may  ronoat  this  proooss  to 
an  miliimteil  oxteut,  till  vn  convincv  oureelvos  that  trio  perfect 
uutgnetiu  jKiwdr  residea  lu  erery  mmato  partioU  ;  in  fact,  that 
magnetism  is  a  force  Ixiloiigiu)^  to  and  rosiding  in  the  moleoaUs 
of  wtiich  tlie  maguot  is  ouuiiKMed.  Thia  view  of  tho  nature  of 
a  magnet  is  woU  exproditea  by  Fig.  a$.    This  preeeute  tho 
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ma^n^t  as  oonMsting  of  a  oollection  of  polarized  molecules 
eyniinotrically  arrau^ml,  the  force  of  each  series  eshibited  at  its 
two  ends,  and  ooiii|ilL'tiiig  the  circuit  of  polariz.ition  or  force 
through  the  Burround tug  space  a^  in  Fig.  ]j.  whciro  the  bar  XS 
represents  the  dissectud  magnet  of  Fig.  i6.  This  conception  is 
Htrictly  ooTTOct  as  to  the  facts  of  magnetism  itiwlf;  but  when 
wo  oomo  to  tho  theory  and  to  tho  evident  connection  of  mag- 
netism and  electricity,  it  is  apt  to  getiurntd  c()tirii«ii>u  of  ideas, 
owing  to  the  apparent  reeomblanoe  botwvon  tho  polarized 
nolecnles  in  both  cases. 

i}0.  To  avoid  this  GonfaaioD,  and  mon  intelligently  to 
examine  tho  fucts  and  the  tme  relation  of  tho  two  forcos  to 
each  othett  and  to  the  molooulos  of  matter,  it  i*  dosirablo  to 
define  thoso  relations  in  Accordance  witlt  the  vi^ws  arrived  at 
M  to  the  rolatiuuM  of  elootrioitv  lo  matter.  Klectricity  anil 
magnoti^ui  thou  aro  tha  mmo  toroa,  and  are  two  acttons  of 
polarized  moleoules,  manlfostud  at  right  angles  to  each  other, 
and  both  developed  together.  Electrioity  is  the  action  which 
occurs  ill  Ihe  Jho  of  polarization.  Ittagnetiun  is  the  action  whiob 
ooours  at  riijht  awjk*  h>  the  Utte  of  polariMalion,  and  in  all  direo- 
tionsat  right  angles  to  that  line,  uut  there  areBouie  important 
diatinotions  to  be  noticed.  Electricity  is  essentially  a  dynamic 
force,  ita  nature  oonaists  in  producing  motion  in,  and  trans- 
mitting energy  along,  the  polarized  chains ;  its  static  actions 
aro  only  inoicMDta  of  this  prooesB,  depeodent  on  the  resistance 
olTerod  to  the  completed  motion.  Magnotism  is  on  tho  other 
hand  purely  static ;  it  consists  in  the  storing  up  in  tho  polarised 
moleoutes  of  energy  derived  from  dynamiu  electricity- 
Fig,  37  represents  a  typical  molecule,  and  this  figure 
thoroughly  masteied  and  fixed  in  tho  memorv  will  answer 
every  possible  ([uestiou  as  to  the  relations  of  ma|>:^t&  wo.4. 
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ourrente,  tVio  action  of  hclicc",  giilvanameters,  ooils.  Ac.  A 
magrie'  will  always  pkco  iUoM  iit  rinlit  aiigloe  to  nuch  u  molo- 
oulo  (t'umiiDg  of  course  part  of  n  [Ht!aii/.ed   chuin),  with  ibt 

iiorthend  to  the  left  hand, 
Fio.  S7.  lookitig  fioni  tbo  uiulcoiilu 

itsolf,  Botiint  tho  arrow  or 
niafpiet  N  S  in  Biipposeil  to 
lie  OD  tho  fnrther  gido  uf 
the  molecule.  Tlieru  U, 
howover,  no  tnie  direolive 
force  io  this  uotiim,  no 
north  and  soutfa  tideg  to 
the  inolccitlu  iteelf,  as 
there  arc  -j-  and  —  ejtdt, 
but  thudirectivi!  luiideiicy 
is  the  same  at  right  angles 
to  any  radio*  of  the  uiolo- 
citle  at  rij^ht  auglea  to  its 
litieof  poiariziitiou.  Thus, 
if  tho  nwtw-'iik-  or  current 
he  vertical,  m\A  ft  BUS- 
pended  needle  be  cnrried  ronnd  it,  the  needle  will  retnin  the 
same  rvhitive  dircctioD  to  the  molecule,  hut  will  make  an 
euUre  revolatiou  on  it«  own  axh,  aud  its  extreiniticit  will  point 
in  turn  to  every  direction,  provided  the  directive  action  of  the 
earth  is  neutraliitcd,  ah  by  a  fixed  reversed  n>at;not,  fur  it  in  the 
second  niagiKilic  fiohl  which  f^vea  the  directive  force. 

Iji.  Fig.    2$   will  illustrate  this.     A  ^hbws  a  section  of  a 
conductor  carrying  current,  or  of  the  molecule  in  Fig.  27  with 
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its  rsdisl  lines,  at  right  angles  to  which  external  niftgnete  will 
place  thetiiwlveB.  It  represents  a  filament  of  a  magnet  such  as 
IS  thown  in  Fig.  j6,  which  conveys  a  cortL-ot  idi »  ol'  iho  viapiflie 
polaritini  in  ».ii('oeB«ivo  section-,  while  C  eihiliiis  tho  ciiciilar 
polarixatioD  in  these  sections,  which  is  the  probable  olectiical 
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finniw  of  tho  m  ignetici  forc«  :  tUo  iirruwH  ii>niw  tho  tllnotioas  of 
a  oiirntnl  which  would  net  up  Uiiit  [Kiluriiation,  and  genento 
tho  N  S  ina};D«tUin  shown. 

By  ai<l  of  tbeae  fignruH  the  Btudent  ma.y  realise  the  Mm 
usually  employed  sinoe  AiapAre  devised  it  in  order  to  fix  on  the 
momory  th«  relations  of  mairneta  snd  oiirreiiU:  fur  let  the 
raudor  conceive  himself  to  be  the  nwltcale  Fig.  27,  the  current  of 
which  ha  f»mis  part,  entering  at  hia  feet,  hia  head  therefore 
Iwinir  tho  +  extremity :  his  li^ht  hand  will  have  tho  mignetio 
luitiunM  of  A  N  polo  to  any  object  at  whiuh  he  is  looking,  and 
thcrefon;  any  magnet  in  front  of  liim  will  present  it§  N  end  to 
his  left  hitnil,  tho  mat^et  itself  etandin);  fairly  acroea  Mm  in 
fitint  i:i  whatever  diTuction  he  may  tum. 

Anuthwr  modo  of  practically  using  these  ideiw  U  to  pisce  the 
right  hand  npon  a  wira  carrying  s  current,  then  if  the  carrent 
ji^issL-s  ax  from  wriKt  to  finffor-tipH,  the  thnmh  will  p')int  to  K 
jiole  of  a  inngnct,  »o  thai,  if  the  direction  utlier  of  current  or 
inagnotiMin  in  known,  iho  direction  of  the  dthiir  ia  evident:  if 
plooei)  under  tho  wire,  the  indii-'atinnit  will  bo  oi[UitlIy  uorreot 
though  tha  direoUon  wonld  he  ruvursuJ,  the  palm  being  io  all 
cases  ptaoed  l^^tast  the  wirv. 

t}l.  Auriaa'a  Tflxuay.^As  hefore  riMUitrkud.  magnetism  was 
formerly  explained  by  the  invention  of  two  fluids:  but  the 
theory  generally  reoeivod  ia  that  of  Ampitre,  Working  from 
the  faut  that  a  oircular  electrical  oiirreiit  constitutes  a  magnet 
at  right  aiiglen  tti  it«  plane,  and  that  electro-magnets  are 
practiciUy  oompoMud  of  a  serios  of  aiioh  circular  currents  in  the 
form  of  helioc-s,  and  aUo  from  the  fact  that  the  force  is  posaosMd 
by  tho  molecules  of  lua^nela,  he  taught  that  magnetic  suh* 
stances  are  composed  of  molecules  around  which  electric 
currents  are  always  flowing;  that  in  Ihe  unmagnetixnl  con- 
■tition  these  molecules  &nd  currents  lie  in  all  <lircctionM,  and 
tltat  mngnetixhig  arrangns  them  in  parallel  order.  Fig.  39 
exhibits  thiit  theory  ;  it  xhows  tho  migiict  built  up  of  the  m»l&- 
oulett  witli  their  currents  acting  n«  docs  tin  extr^rual  current 
aliown  by  tins  am>wii.  The  bur  5  shown  a  longiludimd  view  of 
the  naniu  magnetio  systeni.  The  tlx^iry  «xplaiuH  all  the  facts 
of  magiiutiJim,  but  there  are  fatjil  iibji:utiontt  to  it,  not  generally 
wen.  In  the  fint  place,  it  i<t  based  on  the  idea  of  electricity 
being  an  entity,  a  Homethini;  which  can  circulate  round  the 
moloouleti  in  a  rwd  ntream  ;  but  though  we  might  assume  it  I0 
he  pOHsible  tliat  miuh  oircnlatitig  currents  might  be  eooflned  to 
tlie  moleoule«,  it  is  im{>nssible  to  conceive  how  they  tail  to 
arrange  theniMclviw  sym metrically  always,  or  why,  na  in 
magnetized   iron,  they  derange   thomaelves    the   moment  thn 
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indnoing  nuenot  U  wittidrawn.  Tlie  very  oature  of  eleotlio 
ourrente  would  require  a  a^ercive  fcerre  to  nrevetit  the  luagnetio 
condition  being  always  esisteat,  whereas  uiu  rcverae  is  the  fact. 
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r."ijj.  The  Molecular  Theory. — The  theory  of  electricity  sot 
fortn  in  the  fcpregoing  pugee  is  eqiully  adapted  to  magnetiBm, 
takes  possession  of  all  Ampore'e  work,  and  odojits  nil  the  fpicts 
and  all  the  mutlieiQatieiil  prublenie  and  proofs  hwsed  upon  them ; 
all  of  thuBu  aie  unaffected  by  the  Bubgtitutioii  fur  the  aasiiined 
ciroiilating  molecular  ciinenta,  of  the  cuiioejition  of  the  jiolarized 
molecule  esertint;  iiiDuence  upon  all  the  iiei|(hl>ouring  moleoulea 
aod  arranging  them  in  ftjattmatio  poliir  order.  Fig.  jo  ehowa 
at  a  glance  lioth  the  roaemblanceB  and  diflferenoea  of  ihe  two 
theories.  N  shows  tbe  molecules  r«taitK-d  aa  a  polaiued  ohain 
analogous  to  the  conditions  of  static  udeotricity,  and  it  shows 
how  an  electric  current  generates  this  state  in  a  bar  around 
which  it  circulates.  The  coercive  force  of  the  maj^uet  is  due  to 
the  resistance  cf  ihe  molecules  to  the  chanKeofoondilion,  either 
to  being  magnetised  or  demagnetized  in  the  case  of  steel,  the 
molecules  of  which  are  compound,  while  iron  has  little  power 
to  resist  cither.  What  gives  the  molecules  of  iron  and  steel 
these  propcrtic-B  wo  do  not  know.  13ut  certuin  properties  are 
apparenily  connecled  with  the  atomic  weights  of  the  elements, 
which  have  Ix'cn  classed  into  groups  dependent  on  numerical 
relations  of  thcKo  weights.  A  liussian  eavant,  M.  Hendelejcff, 
has  found  Home  difi'ei^nco  of  properties  according  to  whether 
the  atomic  ntiuibore  lielong  to  an  oven  or  an  odd  scries,  as  to 
which  information  may  be  found  in  the  second  supplement  to 
Watt*'  '  Dictionnrj-  of  Chemistry.*  It  appears  that  magnetic 
bodies  nil  belong  to  the  even  series,  and  that  diamaguotic  bodies 
liolong  to  tile  odd  series,  and  that  as  to  these  latter  the  dia- 
magnetisni  increases  with  tlie  atumic  weight. 
BoweTOT,  we  do  know  that  the  act  of  magnetizing  involves 
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tho  oxpomUturo  of  oocrgy,  n-liich  Ikkxhikw  pntontial  and  is  stored 
UDiong  tho  idi^IocuIm  utid  svU  up  "n  force"  Just  as  potential 
«D«rK7  dooB  in  many  uther  ciisch.  as  tttniinod  springe,  mificd 
irei^ts,  or  chemical  douomp(isiti<>n. 

154.  Those  who  desire  to  study  inBgnotisni  thoronghly,  will 
find  Homo  UHeful  FiiggDstionj!  iu  pnjwra  by  Dr.  Hhottlo,  vol.  iii. 
pp.  10  and  .14  of  the  Eleetrieian,  Hi»  obji'ct  was  to  show  that 
magnetism  is  a  spiral  force  rather  thuD  a  longiludinal  one,  hut 
his  theory  inTolve*,  like  Ampere's,  a  continually  maintained 
OUTTont  of  energy.  The  spiral  molecular  arran^mtmt.  both  as 
to  magnetism  and  electricity,  may  be  almost  considoroil  to  Im 
<jBtabl^h(»d  by  the  oupiirimeuta  of  ProfoKSor  I>.  E.  Hughes,  who 
has  provod  that  the  [lussago  of  a  current  through  an  iron  wiro 
prodncoB  in  it  n  pernuuicut  molecular  strain,  which  is  evideutly 
of  the  niitnre  of  a  twist  or  spire,  the  direction  of  which  depends 
on  that  of  the  current:  this  twist  can  urtually  lie  removed  by  11 
mccliauical  twist  in  the  op(>osite  direction, or  by  the  application 
of  a  magnet  pole.  He  also  proved  that  this  moleouhir  twist,  in 
tlie  act  of  being  untwietod  mechanically,  generates  an  eluotiio 
current,  just  aa  does  the  ordinary  oeesatton  of  magiiotiBin. 

135.  HtiDBEs's  TirajiiY.^ — This  may  bo  stat<sl  us— ^i)  Each 
moleoule  of  iron  is  a  iK>rfeot  magnet,  as  a  fuiiutioa  of  ita  mherent 
oonstitntion.  (j)  That  each  moleoule  citn  Imj  rotated  by  various 
foroeti,  roochauicid  or  jdi.vsical.  (^)  That  the  iubereiil  majifuetiam 
i*  a  constant  quality,  like  gravity,  not  to  be  inoreaaed  or  th- 
duoed.  (4)  In  extomal  neutrality  the  imdeeuleia  form  a  dosed 
circuit.  (5)  In  evident  magnetism,  the  mulotmleA  have  rotated 
symmolrioiuly,  so  as  to  Coniititule  a  polar  order,  with  a  circuit 
open  at  the  pules.  (()  We  have  permanent  magnetism  when 
molecular  rigidity,  as  in  steel,  ret&ins  them  in  i^osition;  and 
transient  magnetism  when  they  uau  rotate  freely  aa  in  soft 
iron. 

I  }$.  Tho  osiontial  question  as  to  the  various  theories  is — 
<i)  is  magnetic  ioroe  an  aetaal,  inhe^nt  prvptrly  o/matler,  or  of 
the  ether  forming  part  of  the  moleonlea  of  matter  (§  38).  which 
ordinarily  form  closed  circuita :  and  is  magnetizing  an  opening 
of  thiii  circuit,  causing  the  force  to  act  externally?  or  (3)  Does 
matter  possess,  among  many  other  actual  and  potontial  moulties, 
a  eapacity  for  taking  up  energy,  and  asauming  a  new  polar 
order  (§  i;,  p.  10)  which  confers  on  it  the  ougnetio  force?  In 
other  words,  is  maguetiKatiou  a  mere  disturbance  of  an  exiatiug 
equilibrium  or  polar  order?  or  ie  it  the  setting  up  of  a  new 
polar  order,  accompanied  with  external  relations  ? 

IJT.  A  magnet  is  usually  considered  a  mere  piece  of  steel  in 
whicu  a  certain  force  resides ;  it  is  evident  that  this  ia  only  ^ 
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part  of  tlie  magnet :  tli<v  eittMnal  fiold  of  forc«  which  accom- 
paniea  it  ta  as  «asentially  a  part  of  it  as  the  steol  iteolf,  and  tlie 
actions  of  magnetiBm  are  all  of  them  meielj  tranafois  of  tlie 
ener^  of  this  field  and  rearrangemoDt  of  its  tines  of  force. 
The  magnetic  force  ia  diio  to  the  inductive  action  of  the  ener- 
^iz«d  moleciilea,  tendin]:;  to  range  all  neighbouriuj^  molcculea 
ID  the  same  order  aa  ihemselvcs.  I'hey  thus  set  up  a  nia;,'netic 
field  (which  is  a  resolution  of  the  forces  exerted  hy  the  various 
acting  luoloculos)  in  which  all  the  garticlcs  of  air  and  matter 
range  thomeelvea.  like  the  filings  in  Fig.  25  :  when  a  magnetic 
body  enters  this  field  ita  molecules  range  themselves  in 
obedience  to  it,  and  by  their  own  power  set  up  a  field  of  their 
own  :  when  the  body  entering  the  field  is  already  magnetized 
permanently,  and  therefore  ha^  ita  molecules  already  ranged, 
or  is  temporarily  magnetised  circularly  by  being  the  conductor 
of  an  electric  current,  then  if  movable  as  a  mass,  it  is  turned  or 
attrnctcd  or  apparently  repelled  in  such  manner  as  to  most 
energetically  form  part  of  the  original  lines  of  force  or 
magnetic  field  ;  bnt  if  it  cannot  move  it  reacts  upon  the  field 
and  moves  the  magnet  if  movable,  and  »  new  field  is  wt  wp 
which  is  the  resolution  of  the  forces  of  the  two  or  moremngnoU 
within  it. 

ijS.  Maokrtic  FiBrj>, — It  is  of  groat  importance  that  thin 
(inception  of  11  "field  of  foroo  "  should  be  thoroughly  real iEcd 
Biid  replace  the  old  fallacy  of  n  repulsive  forte,  becanae  this 
wupposed  force  is  vciy  apt  to  mislead  in  many  diroctionB.  and  it 
in  well  to  see  that  tbrouglioiit  all  nature  wo  find  no  trace  of  a 
lupiilsive  force,  and  therefore  ought  never  to  npply  the  idea  to 
any  phenomenon  merely  becnusp  it  oft'eie  an  explnnalion.  Tho 
action  of  mHgnots  is  tho  eironeeet  apparent  evidence  for  tho 
exJ«tcnoo  of  such  a  force,  and  this  makes  it  the  more  desimblo 
to  abow  that  nu  such  forco  is  uocessary  to  explain  tbe  fact*. 
Pie  ji  will  convey  the  idea  of  »  magnetic  field,  in  end  view 
and  pcrapcctive.  It  showa  tho  magnetic  l>ar  coiistitiitcd  of  tho 
unniilar  (or  Epiral)  systems  of  stntically  poiariicd  molecules  as 
in  Fig.  10.  Thtso  molooiiles,  eierling  magnetic  force  at  right 
angles,  develop  the  lints  of  magnetic  force  as  shown  in  the 
arrciws:  the  exlemal  "field  of  force"  is  developed,  under  the 

general  hiw  of  inductive  action  by  circles  of  polariz-ation  in 
be  opriosile  direction  to  those  of  tho  magnet  iteclf :  tlio  mag- 
netic lines  of  force  of  them  therefore  attract,  and  form  clos^ 
linea  of  force  with  thoro  of  tfae  manioti^xKl  bar.  The  external 
arrows  ahow  (he  position  in  wliich  another  magnet  would 
neceenftrily  place  itself,  hrrautc.  in  to  doing  ihr  tinu  of  force  of  the 
tecond  magntt  leoutd  jilaco  thcmsfhrt  in  those  of  (lie  principal  field. 
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Tho  line*  of  foroe  of  nia;;nntitrni,  liko  those  of  eWtrioity,  ten<l 
to  the  diroction  of  most  cajmcitj',  ko  that  iTheneTCir  a  magiiotio 
body  cRtori  tho  fi«Id,  the  liutii  of  forco  conc«nti&t«  within  it, 
uid  th«  oxternal  aotioiiH  are  tii  that  cst«Dt  Huppresaed.  Tbiii 
is  what  bi>tipoti«  when  an  ariii«tur»  ih  applied  to  a  horae-iihijo  . 
Buunet.  In  the  caso  of  a  horM>-Kti(>o  the  flxtorual  fit-Id  forms 
llanlf  in  tho  epam  around  the  opening,  forming  an  ellipse,  with 
ila  cirol«8  of  polarisaticiu  in  tfao  eamo  oixler  as  those  of  tho 
magnet  (inKteul  of  reveraeil  wt  in  Fig.  ji,  where  the  magnotio 

Fio.  at. 


lin««  hare  to  retam  on  thomaelvea) :  on  the  anproaoh  of  the 
arntature  the  Udob  of  force  are  taken  np  b;  urn  iron,  whioh 
benotoes  iteelf  a  maniet  formiiuc  a  continuation  wid  oompletion 
of  the  bone-ehoe :  the  enerjry  of  the  external  field  develops  tbo 
fbroe  of  attraction,  and  if  tho  armature  U  sufficiently  liuf;*^  and 
ID  very  good  contact,  the  laaguet  now  ceosea  to  havt-  any 
«xterDal  action,  because  ita  whole  circuit  is  Belf-«ODtainea. 
This  never  occure  comj>letely  iu  the  case  of  an  armature, 
because  perfect  contact  is  not  to  be  attained  :  hut  if  a  homo- 
geneoDBringof  attiel  were  magnetized  it  would  show  no  external 
magnetic  action  :  such  a  ring  would  manifest  oppoeito  free 
poles  of  equal  strength,  at  any  jwint  at  which  it  might  bo  cut 
aorOHB,  an<i  part  of  its  energy  would  p«ss  into  the  ost«mal 
oimiit  which  would  bo  then  developed. 

1)9.  Attraittiok  axd  IlKPUUiOH. — Wh«D  the  magnets 
approach  each  other  they  mauife&t  attmelton  hetiveon  unlike 
EMW  N  and  8  and  rmtlnon  between  like  poles  N  N  or  Bti. 
When  a  non-utagnetized  but  magnetic  body  approachesa  magnet 
it  ia  always  attracted,  because  tuagnetiMm  is  indu^xd  in  it  as  just 
deeinibcd,  in  true  polar  order.     If  a  weak  magnet  approaches  a 
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strong  one,  ite  ni&gnotisni  may  be  overpowered  by  induction 
either  t«iupomrily  or  pormftnently,  if  the  fields  are  opposed. 

AUraetiott  is  illustrated  in  Fig.  li  which  stiowa  the  action  of 
opposite  poles  approaching:  the  lines  and  fields  of  i  and  2 
enter  each  other  and  blond  in  one :  they  draw  together  jtist  as 
do  opposite  electric  charges,  and  the  two  nmgnets  coustitute 
one  long  one,  in  which  the  ti  N  poles  at  the  middle  disappear, 
and  their  forces  are  tranni'errod  to  the  external  poles,  iut  when 
two  galvanic  cells  are  coupled  in  series. 

Fw.  S3. 
Fia-  32. 


^ 
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BepttUion  is  explained  by  Fig.  ^3,  where  t  and  a  are  magiieta 
with  like  poles  presented  :  the  lines  of  i  S  iind  2  N  oualesce  and 
tvnd  t^i  turn  the  magnets  round,  so  as  to  produce  the  cunditioos 
of  Fig.  }3.  If  motion  is  only  possible  !n  the  vertical  line,  the 
magnets  will  recede  from  each  other  liecauee  each  seeks  the 
molecules  of  surrounding  air  tu  complete  its  fiel'l,  and  tberoforu 
the  magnets  themselves  move  in  the  direction  which  involves 
tlie  least  interference.  Fig.  j;  shows  also  another  instauod 
attraction  as  between  1  and  j  where  both  pules  act  tuge' ' 
6ud  etich  bar  acis  as  the  external  field  of  the  other. 

140.  Mecjianioally  Pkohucek  Fielm. — Fields  of  force  such 
■a  are  shown  in  these  figures  are  nut  merely  i illuminations :  tbey 
are  capable  of  living  viai  biy  pnxhiced  by  luechunicul  means,  wit  n 
pbouomena  slrongTy  resembling  those  of  atiruntion  and  repul- 
siuu.  The  curious  vortex  rings  furmed  of  smuke  issuing  from 
an  opening  in  a  chamber  subjected  tti  a  sharp  blow  (and 
resumbling  those  often  produced  by  cunnon)  are  illustrationa 
of  this,  fur  these  circling  rings  possess  many  of  the  attributes 
of  solid  bodies,  moving  ub  a  conuedud  whole  in  spaoe,  and  even 
rebounding  from  (^;li  other. 

Dr.  C.  A.  Bjerknes  of  Chriatiania  eiluhited  at  the  Puis 
Exhibition  of  i83i  a  series  of  experimeuls  in  which  the  motiona 
of  attraction  and  repulsion  were  very  \ier£ettt.\^  isuWUd  Vj 
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me&D8  of  cotreDts  of  water.  The  apparatus  ocmmBtad  of  amall 
drumH  conneotod  to  &n  air-pump  n-tiich  altn^ruately  expands  aud 
GOutraotA  the  diaphnigius:  if  two  euoh  drums  ara  plaoad  ia 
water  so  that  ouo  of  them  is  movable<,  and  a  iiiinfifmlnii  of 
pulsations  imparted  to  the  diaphragms,  attraelton  occurs  if 
both  pulaate  alike,  but  repuinon  occurs  if  the  puJaatious  toe 
alternating. 

Mr.  A.  Stroh  in  a  papor  read  to  the  Society  of  Telegraph 
Eneinoers,  a7th  April,  t86>  (vol.  xi.  p.  193  of  the  Proceedings 
of  the  Society),  applied  tho  euna  priitciplea  to  vibrations  in  air. 
llis  oxporimont«  show  juat  such '' fields  of  force"  set  up  by 
pulsations  in  the  air  as  are  shons  by  iron  fiiiogs  ia  tho  case  of 
magnetism.  ■ 

141.  Laws  ok  Maombtio  Forck. — It  is  generally  stated  that    I 
the  attractive  force  of  a  magnet  varies  ineertely  at  the  tquarv    I 
cf  the  distance ;  but  this  oun  only  bo  truo  of  tho  force  exerted     " 
by  ooch  molecule ;    110  practical  law  is  possible  as  the  eSoot 
Tariwwith  every  change  of  form,  and  it  is  quite  possible  to 
maiat  a  number  of  ii>agnot«,  all  of  equal  power  upon  an  arma- 
ture in  coDtact,  yet  all  diSeriag  in  their  attraction  for  their 
urtunture  at  dLffurant  diBtiinucti. 

Lot  ui  ooiic«ive  two  Huuh  ma^cts:  A  (S — S)  with  1  inolt 

liotwotiu  ila  pote« ;  B  (N B)  with  3  inches.     TL«  fi<ild  of 

A  will  bo  tho  more  int«D»e,  bat  it  will  ■.■xtcnd  only  a  huiiUI 
diHanoo  from  tho  ends  of  the  magnet:    ueofissarily  therefore 
altraotioB  on  tho  armature  will  diminish  much  moro  alowly,  aa     M 
distanoo  looreawa,  in  the  wide  magnet  B,  than  in  tlie  narrow     1 
one  A.    The  real  law  ia  to  be  found,  not  lu  tho  distanue  of  the 
armature,  but  on  ihe  aame  prinGii)lea  as  govern  tlie  relations  of 
two  derived  inductive  oircnita,  IS  too  and  104.    The  inugnet    ■ 
has  iu  fact  two  cirouita  in  wliioh  to  close  ila  lines  of  force:    1 
a  refereuoe  to  Fig.  34,  p.  79,  will  make  thia  clear;   if  we 
consider  -|~  and  —  to  be  the  polar  extremiliea  of  the  horae-ehoe    _ 
inaguet,  the  ma^otio  field  is  shown  by  the  arrows ;  it  being   ■ 
formed  on  the  aame  principles  aa  the  cleotrio  field.     If  we   ^ 
imagine  a  bar  of  irou  approaching  from  above,  this,  by  its 
gieater  maguetic  capacity,  will  draw  the  lines  into  itself,  and 
two  fresh  Gelds  will  foriu  between  its  extremities  and  -|-  and 
— .     It  is  evident  these  two  fields  are  a  pair  in  series,  dividing 
the  foroe  with  the  original  field  in  Ike  ratio  o/the  several  eapaeitiea, 
which  may  be  roughly  measured  by  the  relation  of  the  distauco 
betwoeo  +  and  — ,  as  against  the  sum  of  the  distances  4-  arma- 
tnn  ~,  therefore  it  is  a  mistake  to  bring  the  poles  of  horae-aboo 
magnota  near  together ;  they  do  more  wtiiV.  vi  Wia  to,\*savit">» 
widc^  booaute  when  onoo  in  contabt  l\ie  \«»^iv  -^^  '^»»  «svq».v«v» 
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'jffcTB  email  neistftnce,  ir  it  be  made  of  pnro  soft  iron,  wUle  this 
form  givi-K  greater  range  of  work. 

Thu  foroe  exorted  by  a  magnet  lioldinff  np  a  weight  w 
meantired  in  dyiics  by  multiplying  tho  weight  in  grammes  \tf 
g  tho  forcx)  of  gravi^  at  tho  place,  which  is  about  9 'Si  in 
England. 

r4i.  Macnktizatioh.— Steel  mny  be  magootiTwd  by  dnwing 
a  bar  nipigimt  along  its  scvoral  Hurfacca,  always  in  one  direction  ; 
it  ia  Htill  better  ti>  arrange  a  oiimplete  system  of  barn  lormins 
an  octagon  or  sqtiure,  and  draw  the  magnet  round  und  ruiuxt, 
alwuya  in  one  direction  :  in  this  plan  the  bars  may  be  all  Btoel, 
or  altentiite  sXael  nud  iron. 

If  the  opci'iitor  bus  tn-n  bar  mugncts,  an  excellent  idau  is  to 
placo  thejn  with  of)])riHile  poles  together  over  ihe  middle  of  the 
bar  to  bo  maguetixed,  an<l  then  to  draw  thum  tJowly  asunder 
to  the  cmls.  ru|)eittiiig  this  six  or  eight  timL'K  on  eaoh  face. 

Horse-shoes  are  tn-aiod  in  thu  aame  way,  clotting  the  poles 
wilh  a  soft  iron  armuture,  or  a  bar  magnet  properly  placed,  or 
two  can  ho  arranged  famng  eiifh  utlier. 

The  bar  me^iele  may  be  adviintagiftUBly  replaced  by  electro- 
magnets  which  can  be  given  a  much  higher  spcdlic  tnagnetisiii 
than  elei'l  can  retain  ;  this  is  a  gnat  advantngc  becansc  iho 
magnet  con  generate  no  higher  iniensity  than  it  posscsnoB 
itself,  and  thd'eforG  the  eliwngcr  thoy  aro  the  better  ihey 
mugnetiie. 

r4j.  'I'liK  B*rrit(tY  PnoCKss, — This  in  the  most  convenient. 
It  oousixta  in  making  the  steel  bur  act  as  tho  core  of  an  olectro* 
magni^t  for  a  few  eeconds.  Asb>'rlcoil  should  be  made  of  stout 
covi-rinl  wire,  tlie  centra]  opening  of  which  is  large  enough  t) 
allow  it  to  bo  iiasMed  ever  tho  bar.  It  ^ho^ld  Iks  arranged  at 
tin-  middle  of  the  l«r,  and  a  powerful  current  sent  through  it, 
luid  piissed  along  the  leug'h  both  ways  sevenil  times,  alluwing 
tliu  vnds  to  hulf  enter  the  helix,  and  brought  buck  to  the  middle 
before  the  current  is  stopped ;  the  action  is  facilitated  by 
slightly  tapping  the  magnet  during  the  process  to  produce 
vibration.  The  charge  i»  assisted  by  completing  tho  magnetic 
circuit  QXtornally  with  soft  iron  :  iu  thia  cuneatsu  the  magnetism 
rvtuiued  is  higher  than  if  the  steel  is  not  provided  with  aa 
armature  to  complete  the  magnetic  circuit :  the  reason  is  that 
as  in  oompDiind  magnets,  part  of  the  lines  are  apt  10  return 
witliio  tho  mass  of  the  metal. 

144.  (jUALfLY  or  Sxioa.—Some  say  that  for  large  magnofs, 
hardunod  cast  steel  is  best;  for  compound  horee-shoe  niagncta 
the  same  annoalod  at  500%  or  hard  shear  stool ;  for  needles,  cast 
steel  aouealed  in  boiling  oil.     tStocl  made  of  the  beat  iron,  such 
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aa  Swedubt  tuttkoe  thu  boat  magDoto :  but  it  in  vi^ry  dimlitful  if 
fMl  Bteel  is  niaptod  to  tho  puqKNio.  It  ia  now  fuunil  that  about 
;  per  oeot.  of  tungaton  rwolfrain)  ondowi  at^cl  with  higti  toag- 
ttetic  powor;  this  tilool  ia  mnniifaoMirvil  at  thn  Allovnnl  works 
in  Fronce,  anil  ia  now  employed  for  high  quality  nwgnota  hj 
many  makem. 

t'a»t  iron  will  almi  taku  pornwnont  tnAgnotism  ;  it  should  be 
of  a  quality  contAiuiiiK  littlo  ourbon,  known  a«  white  iron,  and 
uimproTod  by  the  addition  of  loperoant.  uf  8l«ol:  it  aboiildbe 
tompcrod  or  rathur  hnrdi^icd  at  a  high  teDip(Tattir«. 

By  cure  in  aelvction  of  ni«ibil,  liar  magnet*  have  been  produced 
carrying  20  timon  thoir  nx-ight,  and  iKirae-elious  40  to  50  timee 
thdr  weight, ;  Bed  S  155- 

145.  Fou«  Asti  Arraxokdent.  —  For  oompaas  ntc-dlos,  the 
beat  form  ia  thti,  lajwriug  from  thu  middle  U>  thti  pointa;  for 
bar  and  h>irBiv«hue  uiagnets  tlio  unuta  of  inntt-rial  should  hv 
divided  into  plates  not  exceeding  a  (juurUtr-inidt  in  thickncsB, 
aupanttely  ti'inpered  and  inagnutiEed,  insidaled  from  each  other 
by  Khret  hnisa  or  canllioard.  und  lionnd  together  by  screw*  or 
mndd  of  bruea;  in  somu  uuh»  it  is  well  to  terminate  the  whole 
by  piecee  of  very  pure  soft  iron,  shaped  ue  di-aired,  fitted  to  the 
end  of  the  bars. 

Very  powerful  laagueta  are  made  from  very  thin  atoel  platea, 
with  the  ends  guthcred  into  terminal  blocks.  These,  which  are 
railed  "  Jaiuiu'a "  iua(;uet8,  are  mTiofa  used  for  aiuall  dyuatuo 
loaeliinc«,  fuze  exploders,  and  similar  apparatus. 

When  seTer»l  bars  are  thus  united,  the  total  force  is  never 
eqoal  to  the  anm  of  the  whole  Bi>paratolT,  beoanae  the  aimilar 

C9  tend  to  neutralize  each  other ;  iu  some  cases  the  central 
will  even  be  reversod  by  this  action,  fur  which  reason  they 
^ould  bo  the  longest.  Ae  a  rule  maguetiam  is  imparted  mainly 
to  the  exterior  portions  of  the  mntal,  and  there  is  a  tendency  to 
complete  ihe  ciicuit  through  tbo  interior  porticms  of  the  metal : 
thia  is  why  thick  bare  ari<  diwidvantagoous. 

1^  I'uKSEiiVATiON  OK  UlADNKnt. — 'I'hey  ahould  bo  carefully 
bandied,  and  all  jarring  nctiouK  Hvoidfd ;  when  not  in  vne, 
b<rs  ahould  bo  placed  in  thv  true  magnetic  direction;  or  still 
bolter,  two  placed  together  with  ihuir  poles  re%-urBed,  and  a 
small  piece  of  soft  iron  betwuen  them  at  each  end.  T1ur»o-«hov«i 
ahould  alwnya  have  the  kvepor  or  annnturv  on,  and  their  powers 
mmj  bo  inorcMod  by  hanging  them  up  with  a  weight  attached. 
Care  sbould  Iw  taken  never  10  violently  delucli  tliu  keeper,  and 
when  tliis  in  removed  for  use,  it  should  ha  done  by  sliding  it  off 
Borooa  the  {hAvh,  not  by  pulling  it  away. 

The  power  of  a  magnet  is  influenoed  by  iU  sorroundings. 
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such  «a  neigbbonring  mitgriots  and  ciurents,  and  also  tj-  tem- 

Kratnro :  by  cofiling  to  lO '  0.,  j6  jwr  cent,  of  the  magiie(istu  ih 
it :  ft  atrong  hcnt  uemagnetizoB  stool,  and  tlie  mugnetiBin  even 
lowers  with  ao  ordinnry  riw  of  temrerntnre.  It  is  alao  found 
that  ft  flash  of  lightning,  even  though  ilistjitit,  affucts  tho  mag- 
netic force,  showing  how  intimatel}*  connected  nil  iintnro  is. 

147.  The  earth  iUelf  %»  alarije  magnet,  anil  this  is  why  the  mag- 
netic needle  hue  uu  apjinrent  diructtvo  power,  as  it  places  itatilf 
on  thelineeol' the  eniih'H  mitgnetie  field.  Terreetrtnl  mttgnotlsm 
is  a  etihject  of  vast  interest,  hut  it  is  oiit  of  the  scope  of  tho 
present  work.  Our  oonoeni  with  it  is  to  regard  tho  earth  aa  a 
huge  tDn»ttet,  and  tn  understand  that  its  actions  are  the  same  as 
those  of  any  other  magnet.  The  poles  of  the  oarlh'a  luagnetism 
lire  not  coincident  with  its  aria  of  revolution,  nor  aro  they 
fixed  ;  hencu  the  variation  n/  the  eomjtats.  It  ajipears  oe  if  there 
were  two  magnetic  uses  (thut  io  two  N  and  two  S  ]jo1«s)  which 
make  a  slow  revolution  around  each  other,  while-  this  compound 
axis  also  revolves  around  the  jiolur  axis  of  the  eurth  in  a  period 
of  about  J20  yeara.     In  iSS;  the  position  of  the  muguetio  poles 
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Latitude  77"  Jo";  Longitude  63"  31'  West. 
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The   variation,   or  deoliiwtion,  breides  this   general  cl 
(about  7'  per  year  in  England  and  now  amounting  to  16'  2' 
the  westward  and  diminishing),  hoe  annual  and  daily 
vnrintionB,  due  apparently  to  electric  curreuls  gcnerateil  iu 
earth  by  tho  vnnatlon  of  tcniporaturo. 

The  inleneili/  or  force  u  mhjoct  to  similar  varintiona,  caused 
partly  by  the  change  of  position  of  tho  [^ok-s  ns  regards  t;aoh 
part  of  the  earth,  which  at  present  slowly  increases  the  force  in 
KDgland,  and  purtly  by  tho  fluctuations  in  llie  canseB  of 
magnetium  itself,  which  probably  are  conncclod  with  periodical 
cliiiuges  occurring  in  the  Hiin,  and  the  maximum  uud  minimum 
periods  of  auii  tipote,  and  also  pmliably  with  the  grouping 
and  relatiTe  dieitances  of  the  planets.  Irregular  variations 
oooompany  displays  of  aurora,  §  97, 

The  force  is  oousidereil  under  two  heads. 
146.  The  dip  or  vertical  component  is  the  iuteasily  of  tho 
Attraction  with  which  a  perfectly  balanced  needle  is  drawn  oat 
of  the  horizontal  line  with  itA  euda  dipping  towards  the  nearest 
magnetic  ^ole,  whore  it  would  assumo  the  vertical  powiion, 
Tho  practical  effect  is  that  a  luuguetizod  nct-dle  requii-cs  a 
coiiot«rpoit)o  to  balance  this  force,  if  it  is  intended  to  rest  in  n 
horigonlu]  plane. 
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The  horitontal  inlmmty  ia  of  tho  most  importnnoe,  aa  in  gnlva- 
iiometerK  th«  value  of  a  dfflo<-ti«n  tirrKlucuiI  by  »  current  is 
proportionul  to  the  horizoutul  iutunitity  of  tho  onrth's  pull  on 
the  needle  at  the  pUoe  of  obiwrvuliun,  which  vnricB  from  a 
niaxliDum  at  the  ma|pibtio  eqitutor  to  uothing  »t  tho  polo :  ita 
poaitioQ  of  graateat  lutonaity  ia  in  UtituOt.'  o  ,  lotigitud«  101°, 
where  it  equikln  dyuo  ■  37  JJ.    At  Orvcnwich  ite  value  was 


1846 
167} 
1B75 
leSi 


PynoiCG.S.  M«rie  M.Q.a. 

'I716      ,.       ..       „       1*716 

•*79»      '•79> 

■      ''W     i'7'54 

■1605      1-605 


I         An  approximate  formula  for  the  valne  at  diSeront  parts  ia 
'      ^  t  +  )  Hin  'A,  whore  A  is  tho  magnetic  latitude  or  invetee 
an^rnlnr  distanco  from  the  magneiiu  pole. 

Another  formula  ik  bused  upon  tho  aasnmption  that  the 
earth  ia  a  uniformly  magnetized  body,  or  that  it  acts  aa  tho 
IDBgDetized  field  generated  by  a  magnet  at  it«  centre;  the 
nngnotic  moment,  $  iji>  givra  'jjogi  X  Bin  X. 

149.  I'lii:  mayytetie  Jield,  coiiHiatiug  of  lines  of  force  linriDg 
direiiion  nnd  intensity,  of  □oceenity  viiries  iti  force  at  its  diiFereut 
partK ;  tho  unil  field  itt  that  wliidi  exerts  unit  force  ou 
n  tnugni^tic  polo :  but,  an  in  tlio  mutual  renotiou  of  two  poles, 
S  I  ;o,  lliiw  miigncit  it«ielf  in  a  factor  in  tint  force,  nud  F  =  m  X 
H,  whore  m  is  tiio  m^meut  and  H  the  iutunsity  of  the  field  : 
distance  does  net  tintvr  into  tlio  formulik  because  it  im  alrwidy 
one  of  the  elementa  which  d<.-fitio  the  intensity.  H,  which  in 
always  titiefl  t*  the  symlHil  of  huriieoutal  intensity,  is  tho  field 
produced  by  the  unit  pole  (WuberJ  at  the  distance  of  one 
cciitimotru,  and  more  Keneralty  it  is  as  Itl  -7-  D',  aw  th» 
Htruiigtii  of  the  pole  and  iuveraeiy  as  the  square  of  the  diatanoe. 
It  i»  propiHWd  to  call  ihe  nnit  field  intensity  a  Qauoa. 

ICO.  The  atrtfn^fA  □/ a  }>oIe  reeemblea  ihe  unit  quiuitity  of  elec- 
tricity, j  67,  and  a  unit  pole  meana  oivs  ahieh  tU  Mte  eentimeiK 
dutanct  repeU  an  tgaat  nmilar  poU  fnilh  a  forct  of  one  dyne.  The 
same  formula  as  is  given  S  86,  F  =  m  x  m'  -j-  D'.  expreasos  it, 
and  therefore  it  is  also  csliod  the  unit  of  magnetic  quftuti^. 
Its  value  is  10''  C'.U.S.  unita. 

'llie  pole  of  a  matjwt  it  not  a  fixed  potttl  in  It :  it  is  tho  focus  on 
vrhioh  the  molecular  fijrcce  combine  ■  therefore  tins  pole  or  focus 
will  ohange  in  poaitiou  if  any  cause  modities  tho  field  of  tho 
magnet,  snob  as  the  approachof  ft  iiMgu«ticfci^^\a.'&fin<n«»t:i^:iME 
na^aet. 
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i;i.  Ma<ih[:tic  HoHsar. — In  uechftnics  the  " mometit " of  a 
force  is  its  value  under  given  circuuiBtauoes,  as  of  the  fcroe 
a])i>li<i(l  to  a  luver  Ui  move  it  aroaiid  ilH  fulcrum.  A  magnet  ia 
n  lever,  its  <;entre  the  fulcrum,  its  iwles  the  point  at  which  the 
force  is  applied,  and  the  length  of  leverage.  In  such  cases  the 
nctioi)  in  opjiosite  directions  on  the  two  euds  of  the  lever, 
exerting  an  effort,  not  to  move  it  in  any  direction  hodily,  hut  to 
turn  it  on  it«  axis,  ia  called  a  "couple."  and  the  couple  tending 
to  turn  any  magnet  placed  at  right  angles  to  the  pull  of  the 
fielcl  is  m  /  X  H,  where  tn  I  is  the  magneiie  motaent,  dejiending  on 
m  the  strength  of  the  pole,  and  t  diatance  between  the  pules. 
Therefore  the  "moment"  of  a  bar  magnet  is  doubled  by  another 
of  eiinal  8i»e  and  intensity,  by  placing  them  eitLer  end  to  end, 
ua  this  givea  2  / m.  or  side  by  side.  whi«h  gives  3  ml:  in  foot 
till!  niaiinttic  vioment  of  any  waifortuly  magnetixeii  Buhstantx  i»  jiro~ 
purtUmal  to  iU  volume. 

The  moments  of  magnets  may  ]<e  coiiipared  by  their  relative 
aotio[is  as  regards  another  magnet ;  if  we  use  the  oirtb  aa  this 
magnet  (and  do  Dot  need  the  high  accuracy  which  would  lake 
into  account  the  vtirying  magnetic  intensity  of  the  earth 
itseli")  the  moment  of  a  bar  magnet  may  bo  moa«ured  by 
Ruapemling  it  by  a  libre  and  counting  tho  time  of  one 
omillation  or  the  number  of  oscillations  in  a  given  time,  the 
rvhitive  moments  uro  aa  the  eqiinro  of  the  nnrabor  of  oscillatiuna, 
or  inverauly  as  the  square  of  the  time  of  one  oscillation. 

To  obtain  ihe  moment  in  ahaolute  moasuro  a  very  short 
needle  is  freely  suspended  so  aa  to  hang  in  tho  magnetio 
meridian  over  a  aero  line.  The  magnet  is  placed  paraUel  to 
ttiis  linu,  at  right  angles  to  ttnd  in  the  plane  of  tbe  needle, 
at  euuh  a  distance  Uiat  it  p^>duces  a  defleiHion  of  only  a 
few  degrees.  Let  0  be  the  angle  of  dcBeotion,  d  the  distanoo 
between  the  ceutree  of  the  ncudlus,  II  the  horizontal  componoiit 
of  the  earth's  magnetism,  S  148,  then  ml  =  Hd^  tan  6. 

Hor&e-ehoe  magnets  may  be  similarly  measured  if  their  enda 
are  placed  on  the  line  which  a  bar  would  occupy,  nnd  the 
distance  measured  from  the  central  point  between  them. 

Among  the  examples  quoted  by  Prof.  Everett,  it  is  said  that 
Uause  found  the  magnetic  inomeut  of  a  steel  bar  mngnet 
weighing  i  lb.  (455-6  grammes)  to  be  loojS  C.G.S.  units,  and 
that  Kolrau'^ch  finds  that  the  maximum  permanent  magnelijta- 
tiou  retained  by  steel  in  very  thin  rod*  ia  such  as  to  represent 
a  cajiacity  of  nearly  five  tiiuea  this.  Thin  gives  according  tu 
these  observers : — 


Uauss,  moment  per  gramme,  11*34. 
Kolroiuoh  ,,  „         loo'oo. 


lutvusity,  175  0.<>.S. 


156.] 


cirAoiTT  jam  utdutiok. 
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Tlie  motnoot  or  the  earth  is  ';J091  X  B'  And  tint  mtlitisB 
beiiig  6-37  X  10'  coiitinictrcK,  this  iH  855  X  10"  C.O.S-  wnitit, 

15a.  lli«  intenn'f.v  o^  a  magnet  is  tho  rvlatiou  of  tho  fgrce  to 
tkd  mus  of  mattor  it  is  charged  on,  nnd  varies  as  tho  ratio  of  tlie 
magnotic  moment  to  tho  woiglit  or  votnmo  of  Uio  magnot ;  thua, 
if  uiio  b»r  has  n  mom«ot  ih[uu!  to  tlint  of  another  of  ilnnl)l«  ita 
woight,  it  is  ilBisIf  mngm-lioul  to  Iwico  tho  intensity.  The 
C.G.8.  tinit  of  intensity  i«  thiit  of  a  cubic  ctmtimclnt  having  unil 
magnetic  TacmKnt.  The  wirth'd  nmgnotic  intonaitv  ia  only  -0790 
which  is  about  '000455  ^if  thut  of  Gnuas's  pound  magnet,  f  iji, 
and  thoroforo  i  volumv  of  highly  magnctiitcd  atool  naa  tt  capa- 
city oquat  to  3JOO  volumiNi  uf  tho  earth's  mnaa  rogwded  oaft 
uniformly  maguotisod  body. 

I  J).  Jlfa<7nebc  cojNicif^  is  tho  maximum  inlonsity  which  cnnld  be 
imparted  to  unit  volume  of  any  snhstanoo.  Prof.  Itowtand  gives 
tho  valuo  in  C'.U.S.  units: — 


Ironaod  Btoelati3''C.=  i}9o;  at3ao°C.  ij€o. 
Nickel  a  494;  „        j8o. 

Cobalt  -  800? 


Different  anUiorities  give  values  ranging  (Voni  400  to  1000  for 
steel,  but  full  information  will  befuutidiu<heuhapt«ronelectri>- 
magueti^m. 

154,  Saturation  iraplios  that  a  magn«t  ia  chargi^d  to  tho 
utmost  tho  cajiacity  of  itn  luateiiala  will  admit.  Under  tho 
iufiuonoe  uf  tin  elotlm  current^  the  magDetisin  will  at  first 
grow  in  Ihc  ratio  of  thu  currunt,  but  after  a  time  iuonaae  of  tlie 
ouri^nt  nroducea  u  dimininhing  growth  of  magnotism,  till  at 
length  a  limit  in  ri.-iiclied  ut  which  nn  additional  mirrcnt  inoroaitoa 
the  matfiiL-tlnm.  Sti'ul  reitoUes  Ihia  point  sooner  than  soft  iivn. 
But  wiiL-u  th<.'  ma^tieti/iug  furoe  is  suapeudod,  the  nagiivtism  is 
loet  to  HOiiie  extent,  till  an  iuti'neity  is  Tvaehed  vrfaich  is  tgltinibly 
peruiaitent  (i  146).  Iron  Iuwm  the  maguetiani  almost  utitirdy, 
thouiich  u  Hinull  "  re«iduul  luagnolinm  "  in  ulwaya  retained.  Thu 
sufU-r  und  [Hirer  the  iron  the  mure  freely  it  absorbaoiid  the  more 
t'ompk-ttly  it  gives  up  tho  foree. 

155,  Coercive  force  is  a  name  given  to  this  property  of  restating 
and  retaining  magnetism.  If  only  steel  poteessed  it  we  migkt 
attribute  it  to  some  insnlatiiig  or  polar  action  of  ita  oarbon : 
but  as  nickel  and  cobalt  both  passesB  it  aa  puro  metalo,  we  can 
only  say  that  we  do  not  know  what  imparts  tho  quality. 

156,  Contequenl  yolut  are  similar  poles  opposed  in  the  bar  of 

inetal  as  (S SS H)  where  we  nave  the  appai-unt  anomaly 

of  a  magnet  with  two  north  polee:  such  magnetalwi«\»Mkii^\ 
are  largely  /iixMluoed  in  dynnuko  mixcXmiva'.  ^\  oi;«««n"(3.«^'^V^>»* 

\\ 
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dui^TOj'  tho  vainc  of  ordinary  rax^ets.     ir  a  ]>iccu  uF  aoft  iruii 
ia  applied  to  tlio  \  end  of  a  bar  lua^et,  ii  i§  attrect<?d  ln^caitm: 
[lolarity  i§  induced  in  it ;  it  bcconieo  itself  a  inagnot  with  it«  S 
end  in  oontaot  with  the  magnet.     If,  now,  a  Nocond  bar  mugnut 
ia  appliod  with  its  S  end  to  the    other    tnd  of  tlio  iri>n,   thti 
actioD  ie  incrcasod.  the  ii'on  hidd  with  double  force ;  bnt  if  the 
N  end  of  this  second  bar  Iw  a]iptiod,  the  two  actiooH  nt'iitrnlixu 
each  otliLT.  and  the  iron,  though  in  contact  with  two  mugnebi, 
vill  have  only  a  alight  attraction  exerted  u|Kin  il.     In  thiH  caice 
the  arniatuTo  has  conscrjuent  poiea  furnu'd  in  it  and  tlin  (>|>]ioitiiig 
fields  neutrali»o  each  other.     The  same  effect  is  jirodnccd  if  & 
a  pole  approaches  the  end  of  a  pioce  of  iron  hanging  troth  a 
N  pole:  tne  iron  may  fall  ofl".     If  a  S  polo  wore  aptirmiched, 
instead  of  weAkening  the  attraction  of  Ine  magnet  anil  tending 
to  draw  away  the  iron,  the  attractive  foice  would  ho  incri-iiai-d. 
157.  AuiioBAS.^These  are  closely  connected  with  the  I'lirth'it 
uia;^neiism.  although  the  exact  relntion  is  not  known.     Thoy 
arc  not  unfrequcntTy  attiibuted  to  elecfrif  disehnrgce,  niniilwr  to 
those  effected  m  viicuuni  tutcs.  occurring  in  the  upper  utriita  of 
the  air.     Itut  (lie  anrorn  is  a  general,  not  a  local  phenoniMKHi, 
tliimgli  it  may  1m;'  moro  utrongly  diN^ilnycrl   at  imrlicinliir  parts. 
There i«  ample cvidcntN'  thnt  nnroriie  arcnmnifostcd  in  liith  north 
ivnd  8t)wih  polnr  regions  at  tho  Hamo  lime,  and  wo  know  that 
electric  cumjuts  circulntc  around  the  earth  a*  though  it  were  lui 
eleotro-Tnagnvt :  th<;  rt^^vorm  action    it,  however,  piwKiMe.  and 
thib  cnrroniA  might  bu  dno  to  chiingcn  in  thi>  miigiiL-tinni.     It 
BOeinK  nxjru  prolmhlo  tlmt  tho  aanLU'n  ia  an  il'iiniinatinn  of  the 
Tinea  nt  magnel'ic  furce:  nt  nil  I'ventH  the  aiimrul  corona  alwayfl 
fiirniH  urouml    the   itoiiition    of    tho    mngnetic    jH>le,   imd    its 
Ijnt'fl  orrunjHind  to  uinm.:  uf  the  magnetic  field.     There  ii|i|>ears 
also  to  be  •omo  oonuuction  between  the  ftururu  and  purhrlia  or 
uiuc'k  KUnH,  whivh  are  due  tx    a    pecnliar  an'angennint  of    ico 
partielett  in  the  iipitcr  air:  thix  rcndore  it  proluihle  that  the  play 
of  light  and  colour,  and  the  nhifting  stnameiis  of  ihi^  aururu  aro 
du<i  to  the  magnutiu    linen   of  forco    alTi'cting   the  constantly 
varying  Ntrutu  of  moisture  flouting  in  the  air. 

I'tdI'.  Lendtilroem  nf  Ilekinglorn  hrus,  it  is  aaid,  produced 
auroraa  hy  iirtilit-iat  means  ;  ho  rai«e<l  a  nnmbur  of  points  on  tho 
Bummil  of  two  liillrt.  onu  uf  them  )6oo  feet  high,  in  6-]°  N.  lat 
Gonneotiiig  tln-se  poiutn  to  earth  at  the  foot  of  the  bill:  an 
aurora  woti  formed  rising  100  feet  in  the  air  and  exhibiting  tho 
true  auroral  ajiei'Inim.  1  hta  result,  due  to  atmnepheric  eleetno 
diachargo,  in  prcibablo,  bucauso  thft  aurora  Htrtmgly  rijst'mblen 
eouie  forms  of  uli^L-iriu  diachnrge :  hut  it  would  not  dimiuittii  tho 
probability  that  the  true  aurora  ie  a  luminous  effect  of  magnelttta 
nither  thaa  ateltctric  diHcharge. 
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1  ;S.  Magnetic  Storms. — TIkwc  ore  ihc.  constaot  acoompanimeata 
of  tho  Aurora,  but  ofton  occur  whon  thoro  is  no  ritiibto  aurora; 
they  havo  bocn  oljsorvcd  fo  aooompany  diangoH  in  tho  siin, 
and  dorolopiiKint  of  uuii-Hpotjt.  Thoy  coimigt  in  tho  ilovolopment 
of  atrong  but  fluctuating  cumtnta  in  thit  ourth.  which  froqaontly 
rise  to  a  furoo  of  aoo  Daniell  cells  nnil  wouiioniilly  to  ioco.  The 
direction  i»  uHually  from  oast  ti)  wmt  m  tlioiigb  the  positivo 
onrroDt  followed  tLo  itan.  'IV-logniph  liiius  ninning  out  or  west 
Iwcom©  usoloM,  except  bv  lontnitting  two  ti>gcthor  to  form  » 
TOinploto  circuit  indciiemluut  uf  tliu  earth;  hut  linos  running 
ncrlii  and  south  arc  coiupirativuly  uuuHVictvil. 

On  f]lh  ttiiil  iSth  Nov(tui])or,  iS^^i,  a  Bnvvni  inikgnotio  Ktorm 
nft'i^ctJ-it  tbo  whole  luirth,  and  KUHptinded  telugnipliie  (iginiuuDiofr- 
tioii  in  gntikt  ditgnx'.  It  WTt.iui:ciunT)aiiied  witUii  tirilliiint  iinrora  ; 
thure  wureaW  heavy  smiWiiturmn  iniuauy  placve,  uiid  at  thcKame 
poriuil  there  went  Hcveral  Urgu  iiuu-ii|iutB  furmitig  in  tlii>  tiuu. 
UiiriugthisHtiiriD  thcoarth'RDiagnotLuu  underwent  rapid  fluctua- 
tions, aud  thudocliuiiUun  varied  i^  i8',  and  tho  dip  huff  a  degree  : 
BiniultaneoiiBehauge«wurool)serveJinEurupi.',America,iuidJapan. 

1 J9.  DiAMAOHiTi&M. — Magnetio  efleots  can  be  developed  in  all 
Buhatuuoea  by  eleotrical  cnirToutB  and  heUcoii,  aud  Faraday 
and  uthera  iiuvi-  proved  that  maenetio  actions  do  thim 
occur,  mudifiiid  by  the  iiatuiv  of  ihe  substances  aud  their 
molecular  arraugoiuent,  wliicli  lead  to  a  claseilicatiou  of  sub- 
Blanous  us  purntuagDetio  and  diamagnotie. 

The  dnt  ckiu  when  intei  |>osod  between  the  poleaof  a  magnet, 
place  themselvts  with  their  longer  asis  in  the  line  joining  tlio 
uoles;  the  latter  arrange  thooiielves  acrosi  that  line.  Thero 
nas  been  a  tendency  among  some  philoeophers  to  attribute  this 
to  a  force  distinct  from  magnotism,  bnt  theio  iKcmB  no  suflicient 
reason  fur  it,  as  thn  properties  of  the  tnagnotio  Held  will  explain 
the  fuct« ;  it  wguld  Koem  moro  probable  that  tho  diama^elio 
snbHtuticvN  are  thow)  in  which  tho  faculty  of  iu«uining  tho 
luagnotic  condition  ia  feebler  than  in  air,  and  that  therefore  tho 
molecules  of  air  funn  the  field  more  rca<lily  ttian  ihiwn  of  Hay 
bismuth,  and  ounN<H]ui;ntly  mUTo  tbctio  lattur  into  t)i«  posilion 
in  which  they  takv  up  the  loast  iwrtiou  uf  the  liuea  of  form; 
thus  a.  tulfu  containing  n  weak  iron  nulutiuu  will  be  magnetic  in 
air,  but  suKpondcd  in  a,  yetuitl  cuntaining  a  stronger  solution  of 
iron  it  acts  nn  a  diAmagnetic  sulmtanco.  Di^mugnetiHUi  will  not 
bo  fiirthor  entiured  ujiuu  in  thin  work. 

■  6o.  Itofort-  leaving  Llie  nubjuot  of  uiagnetiinu,  it  will  bo  well 
to  point  out  the  error  uf  the  common  conception  of  iDOgncta  aa 
incxhnuntible  (uurcvH  uf  furoo.  It  i*  this  niioooncoption  which 
hM  tc<l  so  many  to  waste  their  timoin  trying  todovise])Orp(ituul> 
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motion  machiniw,  of  wliicli  niagnetiem  viae  U'  mipply  the  motivej 
power.  It  has  also  given  riiic<  to  many  (ineetioiiH  as  to  how  it  tai 
that  a  maj^et  can  impart  force  to  any  number  of  other  magDetsJ 
without  itself  parting  with  any  foroo.  I 

Magnets,  like  springs,  can  only  eirrt  tho  power  which  haeJ 
l>oeu  pnt  into  tlicm  :  ihri/  iav  w  fori:''  of  their  oum.  In  the  act  of] 
magnetizing,  whether  hy  inagiietJi  or  by  filectricrity,  h  ocrtaisJ 
amount  of  energy  is  chnr^eit  upim  the  moleciilea  just  as  it  would  I 
if  each  of  the  molecules  in  Fig.  16,  y,  8j,  werfi  a  spring  which  ] 
was  wound  up  in  tho  net  of  magnetizing.  Irrespet^tive  of  theory,  I 
this  is  a  proved  fact  nfi  the  heat  of  snhitton  of  magnetized  Btocl  ta  I 
greater  than  that  of  the  same  steel  not  magnetized.  When  the  I 
magnet  eierts  any  force,  i(  pari*  mlh  that  fnrr-c;  it  ia  to  that  extent  | 
oxhansted,  and  tho  energj'  it  parts  with  ia  diBtribntod  over  the  I 
tipw  "  field,"  or  in  the  armatnre,  &c.,  which  has  been  moved.  If  1 
the  armature  ie  a  muse  of  iron  as  large  and  heavy  as  the  mnKnot  I 
Ran  bold,  the  mugnet  is  exhauated ;  it  wUl  110  longer  afibct  I 
uxicmiit  magnets,  &c.,  or  hut  very  slightly.  Itefore  the  mag-  I 
uct  can  exert  any  further  force,  the  r(»|uisile  energy  must  bo  I 
rectort'd  to  its  niolf^culus.  ThiH  Ib  done  by  removing  the  arma-  | 
ture,  whifh  requires  an  exertion  of  force  e(iual  to  tJifit  exerted  J 
by  thetnajfnet  in  attracting  it.  J 

The  di^tiuetiou  is  simple,  but  important;  the  common  ideal 
regards  the  removal  of  the  armature  as  an  exertion  of  force  1 
against  the  power  of  the  magnet,  and  in  nome  scnBe  tliis  ia  so.  I 
Dut  the  roal  action  is  tho  restoring  to  the  mugnet  t)ie  force  I 
which  it  has  given  up  to  ita  armature,  which  19  effected  by  the  J 
molecules  themselves  80  long  as  they  retain  the  magnctio  1 
condition,  I 

So  in  the  act  of  magnetizing,  it  is  not  the  magnet  which  givcM  J 
the  force,  hut  tho  energy  expended  in  tho  act,  jnst  as  in  cutting  I 
a  piece  of  iron  with  a  steel  chisel  it  is  not  a  force  iu  the  cliituil  I 
which  does  tho  wurk.  The  magnet  and  the  chisel  have  each  I 
certain  molecular  propertieti  which  enable  external  energy  to  1 
prodncc  the  dcsireil  effect:  in  the  "ne  case  of  effecting  a  mole-  I 
oular  arrangement  in  the  atce!  har ;  in  the  othor  of  doetroying  I 
the  moleculur  arraDgement  and  cohesion  of  a  piece  of  iron,  I 

The  French  and  some  other  foreign  writers  {and  even  a  few  I 
Knglieh  oncsj  reverse  the  polar  names.  Wo  call  tho  end  of  1 
a  niiignet  which  pointi  to  the  north  pole  of  the  earth,  the  N  ] 
polo,  hut  as  itA  magnetic  conditionisoppusite  to  that  of  theoartli,  J 
they  eay  tliat  Jto  jirofwr  name  is  the  8  pole  of  the  magnet,  as  ita'j 
magnetictm  in  amlral  while  that  of  the  N  |Hile  of  the  earth  ia  4 
boreal,  UiileHS  this  is  nudonttuud  students  may  easily  misunder*  1 
stanJ  the  tiioanmg.  m 
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OHAPTEE  IV. 

OALVAKK;  BATTEBIKS. 

i€i.  It  ia  difficult  to  «xaiuiD9  the  facta  of  galvaaUm 
thorougbly  in  any  projisresaive  order,  as  advanced  knowledge 
is  required  to  nnderstand  the  elomontarv  facts:  studeiiUt 
mnst,  at  first,  accept  the  principles  and  lawa  necessary  ly 
understand  the  fuots,  and  return  to  these  again  after  the  study 
of  the  principles  of  measurement,  &c.,  based  upon  the  facts. 

i6l.  If  we  place  a  piece  of  ordinary  sheet  aiuo  in  a  dilute 
aoid,  we  find  that  a  tumultuous  action  takea  place,  the  zinc  ia 
dissolved,  and  hydrogen  ^^as  given  oiF,  Another  uffeot  is  pro- 
duced whioh  is  seldom  set  furtli  whou  this  fuodametital  oxp«n- 
ment  is  stated  ;  m  the  einc  dissolves,  the  tiqui<l  bi>oonic«  hoatod. 
Now  this  lost  fact  is  tho  one  of  primarj'  importance  ;  for  with 
all  the  aimilAr  facts  in  cbcniistry,  it  tcachca  us  tliat  whenevor 
an  action  takes  plaoo  spontaneously  between  subetanciee,  energy 
is  sot  ftw,  usually  as  heat.  Lot  us  examino  what  OQctire  in  this 
instanoe,  and  why  it  occurs. 

The  old  osplanatJoD,  even  now  freqaeoUy  given,  is  that  tho 
zinc  docoiuposoB  water,  U,0,  gives  oQ  the  hydrogen,  and  fomui 
oxidoof  zinc,  ZnO,  which  is  then  dissolved  by  tho  acid,  forming 
a  Halt  of  sine  The  true  explanation  is  far  moro  simple;  thi> 
ttcida  are  substances  in  whioh  hydrogen  forms  the  bii«o,  unitod 
with  a  special  noid  radioal ;  hydrogen,  though  n  gas,  ha«  many 
ohcinieal  auitlugies  with  the  nietals,  indeed  there  In  n^uson  to 
believe  that  it  ia  a  truu  nii;tal,  capitlilo  of  assiiniing  thu  solid 
ntikitt  in  alloy  with  Homo  other  tnet«ls,  and  dU[iluying  the 
ordinary  cUaraotcristicH  of  motaU.  Al  all  ovents,  metals  are 
capable  of  taking  it«  plao  in  coiQpoundM ;  and  in  the  case  undei* 
oouHideratimi,  of  tine  at^ting  od  dUuto  sulphnrio  acid,  the  metal 
displftoen  the  bydnigcn  and  c<nivi.Ttii  tho  iiulphato  of  hydrogen, 
H,bO„  into  ZnSU,,  sulphate  of  sine. 

i£}.  It  ia  requisite  to  doarly  understand  thut,  besides  tlie 
material  cloments,  enerijy  ent4.'rH    into  the  constitutiuu   of  all 
bodies ;  all  jioeNL'ss  a  xpenilit;  iiuautity  of  what  we  know  aa  heat. 
aod  aooordiug  to  the  molccului  theory,  \ii«i  a'ujiafc  "A  Wtix^  i^^ 
bubetauceB  are  comjposed  are  in  a  cwu&ta>u\.  «Aa.\*i  o'^  wA^ixmki^ 
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motiou;  the  BiDotmt  of  ttutt  motioo  govoming  tho  physical 
Btate,  SB  §olid,  liqiii<).  or  f;SBeaUB,  and  also  tho  ohoroical 
relatioufl  j  ovon  affinitv  is  probftbly  n  function  of  them  motion» 
and  dependent  upon  tLo  Wfivc-IoDgths  of  the  vihistiijns  [irvjior 
to  each  element,  as  shown  by  tho  irpectro800|ie ;  the  Iwwi  th« 
motions  the  ntiarer  tlie  atoniM  ftjjpronch,  nnd  the  greater  tho 
attrnction  they  exert  on  f^wch  older.  Henco  when  wliat  nro 
called  higher  affmilim  ocime  iutj  action,  tho  internal  inntions 
are  diminished ;  bnt  ns  a  c<m)'cqiience,  this  motion  becomes 
extern*),  actire  unA  sensible,  instead  of  internal  or  lutcut  %  and 
thus  it  is  that  every  act  of  eliemicnt  combination  sets  energy 
fno  in  some  form,  nsnnlly  as  heat,  while  every  net  »f  cheiniiwl 
deoompositioD  re<]uires  the  supply  of  energy  to  r^estahlish  the 
intemnl  motions,  or  latent  forces,  or,  tie  it  is  usually  cxpreseed, 
to  overccmie  the  chemicnl  affinities.  Gnci^,  latent  and  im- 
pttrceptible,  is  called  pntential  mer^y  ;  when  external  and  aensiblo, 
ail  motion,  bent,  ftc,  it  is  called  kindle  merf}^ — and  tho  two 
uudt-rgo  cunstunt  transf'>nuationE  of  one  form  into  the  other. 

164.  Thne,  sine  in  dissolving  gives  off  hydrogen  and  heat, 
while  forming  the  nuTB  BHtinfied  oonipoiiinl.  Knlphalo  of  zinc. 
If  wo  nse  a  piece  of  iron  it  (lees  the  enme,  though  more  slowly, 
bnt  if  we  use  copper  n.i  such  Bction  occurs.  If  we  place  in  the 
same  sulpliurio  acid,  o.'pper  itud  zinc  separate  from  each  other, 
we  tee  gM  pouring  off  tlie  unc  and  not  from  the  copper  ;  but  if 
we  permit  them  to  touch,  a  new  phenomenon  occurs :  tho  gas 
appears  to  isdue  abundantly  from  the  eop|>er,  insl-.^ad  of  from 
too  unc.  Still  if  we  examin<)  the  liiiuid  we  find  that  no  copper 
is  dieBolving.  while  the  zinc  ia  dissolving  faster  than  boiore. 
Instead  of  altowinj^  the  two  metatit  to  touch  within  the 
liquid,  we  connect  them  by  a  wire,  and  we  find  that  this  wire 
is  suddenly  endowed  with  extraordinary  properties ;  if  It 
•ppronohca  a  magnetic  noodle  the  earth's  directive  power  ia 
sn]i«r8cded,  and  the  needle  no  lonj-er  points  N.  and  8,,  but 
tends  to  placi!  itself  across  the  wire,  and  in  different  directions, 
accurdini^  im  it  ix  above  or  below ;  if  the  wiiv  bo  coiled  round  a 
[lieoe  of  imn  it  en.lnws  it  with  powerlnl  magnetic  properties; 
if  the  wire  lie  cut  in  two,  and  its  ends  dipped  in  liquids,  it 
prodncev  chemical  changes  in  many  of  these;  lastly,  the  wire 
itself  beofimun  hot.  Bnt  in  proportion  as  these  effects  are 
dovelo])ed.  no  does  the  dissolving  zinc  generate  less  and  loss 
heat  in  the  liquid.  IUto  wc  have  the  explanation  of  the 
souroe-sof  theso  external  nelions;  there  is  no  creation  of  energy; 
nothing  new  occnnt,  cxoopt  that  under  tho  new  eondidons,  the 
energy  set  free  by  the  combination  of  tho  xino  produces  the 
offe<}t  which  vfe  call  electricity,  inslead,  ol  xWx.  caWtA  ViwA  (^'^-uih 
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aa  it  wafl  seen  occura  with  frtotion,  S  2\),  and  ts  oapablo  of 
manifeatinif  itself  by  its  chemioa],  laaRuetio.  or  calorific  effects, 
thus  furnifthiug  tlio  three  iistnral  divieioiia  of  iho  study  of 
dynamic  electricity. 

16}.  Tho  coiiiUlioua  under  wbidi  energy  takce  t))ia  fuim  nro 
those  jKiiatod  out  in  $  ;ij,  I>ut  more  plainly  ovidenced.  The 
fiiudameutiil  cunditioti  in  a  oomplelo  circuit  of  conducting  siib- 
slancos;  and  wjiore  chemical  action  in  the  source,  part  of  tlio 
circuit  raust  liu  an  electiulyte :  tiiat  is,  a  liquid  whoso  moleonlos 
will  readily  aasume  the  c.iudition  of  pt>larity,  and  break  up  into 
two  distinct  parts,  j^ivinf;  up  energy  in  the  act. 

In  our  experiuivut  tUt^  zinu  uttracta  the  §ulphuric  radical, 
turns  the  hydrogen  half  of  the  molecule  away  from  itself,  and 
by  diminismng  th«  internal  atti-aclions  of  this  iirst  moloculc, 
disturbs  those  of  others,  if  there  bo  the  chain  provide<l  along 
which  tho  farce  can  aot:  if  not,  the  hydrogen  escapes,  and  tho 
hoat  is  at  once  set  froe.  This  can  bo  traced  by  the  ordinary 
chemical  symbols.  Zn  +  H.jSO,  firct  becomes  Zu  4.  yO,II-j, 
then  ZnSO,  +  Uj.  The  atoma  of  hydrogen  are  now  what  is 
(tallRd  ncucent,  and  would  iiiHtuiitly  form  a  froo  molnoulfl, 
taking  op  and  rendering  latent  thai  portion  of  energy  noooc 
mry  to  convert  them  into  a  gas;  but  Iwfore  this  procom  is 
oompletod  thoy  mn  in  a  ooudilion  of  grvat  activity,  and  oaeor 
fur  combination ;  being  surrounded  only  by  loolMales  ibo 
nature  of  which  is  not  changed  by  the  liydrogm  (that  is 
hydrogen  compoonds),  the  decomposition  is  transmittal  along 
a  ch&tn  of  these:  tooleoale  after  molecule  is  decomposud,  and 
the  hydrozcn  is  not  set  froo  until  it  reaches  a  point  at  which 
it  tM  powcrloHs  toeflecta  ileoonijiositiou  ;  thua,  in  the  coiubinntiuu 
under  oxaniinution,  it  reacbce  the  copperplate  before  it  bocoincs 
free. 

t66.  If,  at  this  point,  there  is  present  a  aubstanco  which  will 
take  up  th«  hydrogen,  with  less  energy  than  is  needed  to  set  it 
froo,  another  ooUon  occurs;    such  a 'siilialance  is  sulpliata  of 

F    copper,  from  which  tho  hydrogen  displaces  tho  copper,  wbiob 

I  Sxee  itself  in  turn  ii]ion  the  sujierfioial  molecules  of  the  mut&Uio 
plate,  to  which  the  [wUriziiig  force  is  tranaferrod.  and  from  it 
transmitted  to  the  external  conductor;  these  two  processes 
Ituiiish  tu  with  a  natural  division  of  batteries  into:  (1^  Thow 

j  in  wbioh  the  hydrogen  gas  is  sot  free :  (a)  those  in  which  the 
hydrogen  displaces  some  other  substance;  and  this  latter  class 

^    conrists  of  two  Icinds,  those  in  which  one  li<iuid  fulliln  all  the 

I    re^niiements,  and  those  in  which  two  liquids  are  ie(tair«d,k«i^^ 
ap«rt  by  a  poroas  partition. 

I        t6y,   IVe  must  now  explain  eom&  torou  a*  v*  •wViJvOo.  "^iawi* * 
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apt  to  be  GOnfneif.in.  Ah  the  action  oomiaenoea  at  the  eiirriioe  of 
CoDtAct  of  zinc  nad  noi<],  thu  niiio  i&  ciiUixl  tLo  pusitivo  melal  or 
elemwt:  tho  order  of  poluriitutiou  in  the  liqukl  is  aiich  that  th« 
positive  or  +  ends  of  tlie  moIeonlM  turn  from  llie  sdiio,  and 
tho  negative  citds,  winch  aro  the  aoitl  riuliauls.  tiira  toieard*  it. 
This  corrcsponils  with  the  temis  of  static  electricity,  and  shows 
the  wire  leading  from  the  siuo  plate  and  called  its  pott,  in  the 
Mine  electrical  condition  as  the  nil)1>er  of  n  gUes  etectrioal 
machine  —  or  negutivo.  The  autinn  piieBitig  throiiKh  the 
liqnid  to  tho  copper  or  other  collecting  plate  poIariKea  ito 
molecules  with  their  —  emlB  to  thi.^  ]ii]uid,  and  their  +  or 
poeitiro  enda  towariU  it^  wire.  Hence  wo  liave  tho  «iuc  the 
positivo  metal,  phile,  or  ekment,  hut  itn  wiro,  tho  negative  or 


—  pole ;  the  copper  is  the  negative  plate  or  metal,  hut  tho  wire 
proceedin<;  from  it  the  positive  or  -|~  polo.  Fig.  ^4  shows  this, 
and  explains  one  cycle  of  tho  rvoctious. 

Line  i  exhibits  the  arrangcmont  before  action,  the  molccales 
indiffdreut,  the  shaded  part  reproNontiug  the  +,  metallic,  or 
haHic  elcDient  or  half;  the  white  being  the  —  or  acid  half.  In 
line  2  we  see  the  molecules  polarized  under  the  attraction  of  the 
zinc ;  in  line  )  tliis  whole  chain  breaks  up,  one  atom  of  zinc 
diMolriuK,  and  forming  a  molecule  of  ziuc  sulphate;  at  the 
other  end  of  tho  chain,  tho  two  atoms  of  hydrogen  set  free 
■atiafy  each  (ither'it  attniotioDS,  and  form  a  moleonle  of  hydrogen 
g)ks.  Tli<rn  tho  adion  la  repeated,  the  molecules  mukiuu  a  seioi- 
roroiatioo,  ond  rwumiug  llie  poditiuu  of  Viue  j.    \\."«\S,\»  wkq. 
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that  this  view  of  the  action  inrolvoe  two  ttctiocu  at  each  stage, 
first  the  §e[ai-revolution  of  the  moleviilcs  on  their  axea ;  and, 
secondly,  tbe  overcoming  the  chemical  attraction,  within  the 
molecales ;  this  latter  auo  involvwi  two  separate  actions ;  tho 
actnal  disruption,  which  occiirs  only  ah  to  one  molecule  of  the 
ob^in  and  the  temporary  disniptioii  and  reforming  of  all  the 
other  molecnles  in  each  chain.  These  various  actions  cause 
tli«  interoal  reaistanoe  of  battcricB,  while  the  energy  given  up 
dnring  the  interchange  of  ziuc  for  hydrogen  in  eulpburic  acid 
is  the  aouroe  of  the  electromotive  t^rim. 

i£S.  We  are  thus  led  to  the  thrvo  fundamental  expresaiotitt 
used  in  Ohm's  formulro,  viz.  electromotive  force,  resiataiioe,  and 
ourrent.  It  is  upon  a  cIcAr  iindenttauding  of  these,  in  a  per- 
fectly definite  form,  in  place  of  tho  confusion  of  the  old 
vague  terms  "  quantity  and  intensity,"  that  sound  and  eootio- 
inioal  working  must  be  based.  The  ftiU  explanation  of  tlieae 
terms  munt  be  studied  in  the  chapters  devoted  to  each  of  them  ; 
but  a  alight  definition  is  necessary  fur  preaant  purpoi^es. 

i5g.  CurreiU  is  the  rat©  of  electric  action,  or.  subject  to  the 
Mplttuatious  tjf  5  67,  it  may  be,  and  commoidy  is  described  as 
the  qitantHs  of  electricity  tiansmitted  in  unit  time,  just  &b  witb 
a  current  of  water.  Jt  is  measurable  hy  its  electric  actions, 
which  wiihiu  certain  limits  are  proportioDoI  to  the  rate  of 
current  flow;  this  enables  ctirrenta  to  be  practically  Hoen  and 
meaeuivd  by  their  action  on  the  maguolic  tteodlo  in  yaltimo- 
melars.  But  fVom  the  theoretical  point  of  view,  tliat  is,  to  enable 
the  principles  of  action  to  bo  clearly  nndorstooil,  tho  measure- 
Bient  by  cuemicol  action  is  the  most  important. 

The  quantity  of  electricity,  or  tho  rate  of  current,  is  exactly 
proportionate  to  the  quantity  of  zinc  dissolved  in  o»«  etll,  aud 
to  its  rate  of  consumption  :  and  in  every  cell  in  a  circuit  there 
will  bo  chemical  action  equivaleut  to  that  of  the  ono  cell  taken  u-h 
the  unit.  This  is  nteosnrod  iu  vollavieten  which  »how  eiiher 
the  qunntiiv  of  n  giut  Ht.-t  free,  or  the  weight  of  a  motal  deposited 
or  dissolved.  Thus  iti  a  DnnioU  cell,  for  every  ji'6  grains  of 
xino  cODstimed  Ji  '75  grains  of  copper  would  be  dcpiwitod,  and 
if  the  current  wore  iiuSKod  tbiough  u  silver  Holutiuo  and  a  gas 
Toltameter,  108  grains  of  silver  would  bo  depoaitod  and  1  gioin 
of  hydrogen  produced:  so  with  all  tlie  matorials,  tw  acids  or 
suits,  eqitivatmt  quantities  would  have  to  be  provided. 

170.  Current  is  symbolisod  by  U  and  its  unit  is  tho  AHPltas, 
but  this  is  an  ariiticial  unit  related  to  energy  and  magnetic 
efiects  in  a  second  of  time.     At  present  a  more  naturaf  unit 
r^ted  to  chemical  action  will  convey  the  ^TUtfa^Va* 'wo(0««&. ' 
mudb  more  oleaiiy.    The  atouuo  ikuOL  tic^oiNTiicsA   ■^«\>^'* 
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Bnbetanc68  are  purely  relativ«,  th«y  may  be  grains  or  tous :  bat 
if  we  Uk«  fur  Uieiii  a  fixed  vahi«  auJ  atart  wiUi  one  f^i&iQ  of 
hydn^ii  we  have  tbe  moat  |jetfeomuit  of  chemical  ami  electric 
quantity,  a«  tliat  wbieli  effects  oue  eqniTalent  of  action.  To 
convert  tliia  iulu  "  eiitieuL,"  tium  lias  tn  be  taken  into  account. 
anil  for  ouiiveultiuce  of  calculatioo  i  take  ten  boun.  Then  we 
measure  electric  citrrenU  by  ■  ^rain  of  hydrogen,  or  equiva- 
lent action  in  leu  hours.  This  unit,  from  its  source  I  call  a 
"ehemic,"  and  thi'ouKbout  tbia  chapter  tbo  chemic  wilt  be  what 
is  meant  by  a  unit  of  current,  while  tbe  term  unit  of  any  sub- 
stance means  tbe  quantity  equivalent  to  this  current.  Tlie 
ampere  (which  oorreBponda  to  about  gramme  o'OOOoio4,  or  J, 
or  about  j^niin  -oookSi  of  hydroj^en  per  second,  and  therefore 
is  not  convenient  as  an  equivalent  basis)  corresponds  to  about 
j'68  chemics, 

171.  Renstance,  Myinbolised  by  It.  is  an  expression  of  tlio 
oonditioua  of  the  circuit,  its  capacity  to  transmit  current,  and 
the  work  expended  in  doin^  so.  It  is  to  be  ooruiidered  in  two 
portions:  {ij  inlamal,  duo  lu  use  of  plates,  conducting  power 
of  solutiuus  and  porous  cells;  [i)  exlernal,  dno  to  tbe  natuio  of 
th«  tnatorial  of  the  conductor,  and  tbo  work  doiug.  Work  is 
bolt  done  when  these  two  are  eqnol.  But  intomol  rcmstuiieu  is 
OODipamblc  to  oDgino  friction,  it  is  wnsto  :  therefore  the  gruat«r 
tbe  external  rcsiatanco  compared  to  tho  intcninl  tlic  Kiw  the 
uxiHinso  of  workitig, 

Tho  unit  of  rcsiHtaDcn  is  the  ohm,  and  may  bo  conceived  as 
roproHcntud  by  a  wiro  of  pure  copper  'oi  itiob  diametvr,  10  fc«t 
long,  and  weighing  2  grains  por  foot. 

171.  Electromotive  fiTce,    shortly    written    EMF    and    »yin- 

boliiH^    by  K  in   funnulie,  mwwiires  the    generative  power  in 

ternieiof  potential,  §  93  p.  54,  that  ia  of  the  capacity  to  gL-Tier«to 

eurrent,  ur  tif  the  capacity  to  overcome  resistanco.     It  depends 

entirely  ui>oii  the  "intrinsic  energy  "  set  free  by  each  (-quivaleat 

luting  ohemiculty,  and  charged  upon  the  uiolecnlnr  rDtidiicting 

Bbuin  wliicli   transmits  tho  action,     'i'hn  unit  EMF  is  called 

HbiLTDlt,  and  ix  a  littlo  less  than  tho  force  of  a  Daniull  cell, 

^ffltWl  it  vult  I  'U79. 

17  J.  Ohn't  formtiia  C  -^  rcpre*ciit«  the  relations,  and  show* 

that  tbo  current  ts  pn>]iurtional,  directly  to  tbeEKIF  and 
invoieoly  to  the  reniHtance,  so  that  either  two  being  known,  the 
other  can  be  calculated  by  the  system  of  related  tniiis :  lltna  the 
E  M  F  in  Tolts  divided  by  the  B  in  ohms  gives  tbe  current  in 
amperes.  If.  in  a  tpveu  circuit  we  double  the  EMF,  the 
current  will  be  doubl^ ;  if  we  dou\iVQthot(iK\«\»,T\ce,vA\i-3  oAWxi^ 
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wiro,  Uio  CQTTont  will  l>o  littlvod.  But  wu  nhoultt  uot  double 
tha  mirront,  hy  tlouMin^  tliu  iiuuilwr  or  uelU  in  iterioH,  though 
that  would  iloiible  tliv  E  M  F.  lu  such  a  cuao  wo  bIiouU  niso 
have  iiicrciwed  the  rtxisbiuci!  by  ihu  iiiteiiiai  roMitttitioe  of  the 
added  i;olls :  if  thi^  cxlemul  rt--6iHtuiii.'u  were  mmill,  tlie  oiirront 
would  Gcunxdy  lie  nlUred,  beuuuse  it  is  the  tuttti  rcsietAttco  of 
the  circuit  which  is  to  be  ouunidtirei!,  and  when  tUc  cxlerual 
rceietance  in  amalli  this  renietnuue  is  utiarly  all  iulurniil. 

Eloctromotire  foroo  is  guiuod  by  luiiug  cbIIb  of  grcntor  force 

or   by   connecting  cells  iu  "  (leriiMi."  that  is  H ,  -J ,  which 

aIhq  fulda  tht'ir  rfisistauceH,  atid  the  £  M  F  of  a  uirctiit  Ik  the  sum 
of  111!  force*  thus  uddcd,  which  ui&y  be  Ihoao  of  variuus  kinds  of 
cells. 

Intemnl  rcBistnnceis  reduced  by  UMUg  plates  of  largu  Mi)!o  or 
by  wupHug  colta  together  •+■  +  «ud  —  — ,  and  thou  to  tie 
circuit  HO  ss  to  act  ait  uno  cell.  Didforeut  kiuds  uf  cells  rauHt 
novcr  be  coupled  in  thiH  manner,  though  they  tuny  be  joined  in 
eurics  prcvidod  their  interns]  reuistauces  or  oapauity  to  tranemit 
(not  generate)  current  is  nearly  equal. 

174.  Site  ofcdU  or  plata  haa  uolhiug  to  do  with  the  E  M  F. 
StuduniB  are  often  puzzled  over  this,  but  a  simple  ex]>erimeut 
will  fix  it  in  tlie  mind.  Takes  piece  of  copper  and  cutapitueof 
aeveral  tuiuare  IndieB,  and  also  •  strip  like  a  thin  wire ;  do  the 
same  with  &  pieoa  of  sheet  unc ;  attach  the  coppers  and  idnos  to 
wires  sod  wrap  the  sines,  after  amalgamating  them,  in  several 
folds  of  bloltiuK  paper.  Cunnect  the  wires  to  the  terminals  of 
a  galvaui>weti-r  und  dip  tike  large  pair  into  a  vessel  of  dilute 
acid;  a  <lL-flH:tiou  will  occur,  tcAiVA  tcitl  rayirtli/ diminith  :  couiicct 
the  small  pair  and  note  how  mucli  ttmallcr  the  defleotinu.  whioh 
also  wdl  diminish  even  more  tiuickly.  Hero  wo  have  difl'urunt 
quantities  or  currents  arisiog  fi'om  thv  eamo  chemical  aotiou, 
because  the  larger  surfiiocs  onsblo  a  greater  number  of  equivalent 
actions  to  occur:  this  is  called  a  difl'crenuv  of  inlcmat  remttance. 
The  diminution  of  the  deflection  is  duo  to  what  is  miscalled 
"  poUrixation,"  the  coating  of  the  copper  plutv  with  hydrogen, 
which  genemtes  an  opposing  £  &I  F  and  so  refliicue  tlio  active 
force  available  to  produoo  current.  Now  dip  tlic  plates  into  a 
etiong  solution  of  sutphato  of  copper :  the  dcQuctiuns  will  bo 
proportionaiely  affected  as  before  tiy  the  Hixe,  but  (1)  they  will 
DOtIt  bo  greater,  and  (2}  they  will  remain  steoily.  I'he  EMF 
i$  greater  in  Utit  cate  by  exactly  the  difCerenuc  iu  the  energj' 
absorbed  from  the  chemical  action  by  tho  Detticig  free  of 
hydroccn  or  copper,  §  16;.  AIhu  as  the  copper  plate  is  not 
altered  by  iho  coating  of  copper,  uis  it  wbv  Vba.V'A  Vjixvi-ewi-, 
thero  »  no  "polarization"  or  counlet  E.14.K  gj<iaaw.x*A. 
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Now  join  together  the  wirea  from  the  two  coppora,  connect 
thom  from  the  dnc*  to  tho  gnlvEinometer,  and  ptaco  the  plates 
in  Hulphate  of  copper  hb  before ;  no  drjieciion  whatevrr  v>itt  be  teen. 
Tho  two  actions  iiri>  opposed  :  that  on  tho  small  platos  acts  as 
a  oonntor  E  M  F  to  that  on  tho  largo  platos,  and  the  strtiss  each 
can  set  \ipon  the  circuit  beinc  oqaal,  no  ciirTont  is  gi^norated ; 
the  condition  is  something  Tilce  "consoqiiont  polos  "  in  mag- 
netism, §  1 56,  or  the  hydrostiitio  jwradoi,  m  which  a  largo  body 
of  water  in,  wiy  an  open  cask,  is  halanoed  by  a  column  of  oqnal 
height  in  a  small  tube  omuected  to  it. 

If  now  one  pair  of  ptntea  is  washed  and  placed  in  the  acid 
while  the  other  remains  in  the  sulphate  of  t'-opper  thoy  do 
longer  baliinoe,  bnt  a  deflection  will  be  obtained  oorreeponding  to 
the  difference  of  the  two  foroea.  The  two  pairs  will  not  balance 
each  other  if  both  are  placed  in  acid,  bcoaiiso  although  they 
generate  equal  EMP  at  the  zincs,  yet  the  difference  in  thio 
areas  of  the  copper  ptatee  will  result  in  a  different  degree  of ' 
cwunter  E  M  F  set  up  by  the  na«cent  hydrogen. 

175.  It  will  be  seen  that  a  unit  of  zinc,  in  dissolving,  must  ; 
alwuyn  give  the  same  qaantity  (or  curreat  x  time)  no  matter 
wliat  form  of  cell  it  is  consumed  in.  Bat  it  may  give  voiy 
different  currents  (ijuantity  -~  time)  and  very  diOerent  G  M  F 
according  to  the  natare  of  tho  chemical  action,  for  inatanoe,  m 
Daniell  Cell  gives  nearly  1  volt  while  a  chromic  acid  c«U  glvea 
nearly  2  volta,  one  unit  of  Kino  dissolved  in  ihese  would  give  11 
voltaiaetrie  dejKwit  of  cupper  exactly  equal  from  each  cell,  bnt 
the  stronger  would  give  it  in  half  tho  tjiiio.  Or  as  the  increased 
EMP  would  enable  a,  greater  resistance  to  be  overuome,  a 
second  coppur  cell  might  be  included  in  the  oiromt  and  a  double 
(juuntity  of  oi>pper  actually  deposited  by  the  one  unit  of  ziuo. 

176.  Tiiisagret-s,  however,  with  ihu  lawof  equiviJent  action, 
as  euL'h  giilvanic  cell  must  bo  regardi-d,  for  some  reasoHB,  simply 
an  a  sucliou  of  iho  conductur  convoying  th«  current ;  and  the 
first  law  of  the  ciruuit  is  that  the  "quantity,"  and  uurreut  are 
iiqiial  at  every  part  of  the  circuit  and  thfrefore  these  cnn  do  the 
same,  or  oi^uivalent  work  at  every  section,  pnjvtdod  the  13  U  F 
or  R,  permit  tlie  necesBary  cuneut  to  be  maintained. 

177.  In  applying  these  theoretical  principles  it  must  bo 
remi-inbvred  that  electrical  operations,  like  meonauical  ones,  con- 
aiat  of  tw»  distinct  parts:  (i)  the  generation  or  collection  of 
energy  from  Buimc  anurc-] ;  {2)  the  apjdication  of  that  energy  to 
efiieot  the  desired  purpuso,  and  this  laUur  is  divisible  into  two 
parts :  that  is  to  any,  the  conveying  the  energy  to  its  work,  in 
wbioh  pruoesa  it  is  partially  expended,  and  doing  the  uctnol 
work.     Bo  the  work  we  have  to  do  wW.  \t  wi»?j ,  oiaa  ^aaNisptti. 
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law  fi;ovcnui  all ;  wo  must  expend,  tn  doing  it,  enerfcj'  etjuivaleiit 
to  the  work,  and  all  the  opentiouti  uiuIduntiLl  to  it;  under  no 
circnmataQce  will  the  work  do,  or  lielii  lo  do,  iUolf ;  this  iiuiy 
seem  a  mere  txriism,  yet  the  want  of  midomUiiding  it  ooeU  tlim 
ooiintry  many  tlioasanda  every  year.  Economy,  that  is  Irue  jirao-  J 
tical  working;.  comii«ts  in  obtaining  the  ncccHsarv  energy  at  the  f 
lowest  ooHt,  and  in  avoiding  all  loaa  tu  applying  it  when 
obtained. 

Thus,  in  ordinary    meohauics,  it  is   neceasary  to  select  the 
cheapest  fticl,  llii?  best  furaaoes  and  bfiilers,  then  to  avoid  lom 
of  ht^at  in  the  slea  in  pipes,  or  undue  friction  in  tbe  ensinu  and 
connected  tiiucliiuery :  at  every  stago  there  is  room  for  a  wiwi 
understanding  of  priiiL'iples,   and    a   due  application  of  thnm.     ■ 
Elfctrical  operations  are  perfectly  analogous  and  rrquire  similar     ■ 
attention.     Tbe  battery,  or  other  motor,  reprosonts  the  boiler 
with  its  fuel,  the  oimdiioting  wires  replace  the  steam  pipea,  and     _ 
the  work  tu  he  done,  and  apparatus  for  doing  it,  arc  the  analogue     I 
of  the  engine  and  the  machinery  it  may  drive ;  while  the  steam    ' 
itself,  with  its  oapacity  for  bearing  pressure,  and  thus  con. 
Teyinc  the  tticrjty  derived  from  the  corabnation  of  the  fuel, 
strongly  resembles  the   olootric  "  current,"    with    tho  varioua 
tensions  which  set  it  up  and  eive  it  power- 
That  fonu  of  battery  should  be  BUeoteJ  which  best  suits  the 
w<irk  to  bo  dono ;  for  none  is  perfect,  or  equally  fit  for  all  work. 
A  perfect  coll  would  be  one  whioh  would  contain  a  large  quan- 
tity of  material  in  small  space;  would  gonento  high  electro- 
motive force ;  would  not  altor  its  propordes  duriug  work ; 
would  have  small  internal  resiBtanoe ;  and  would  act  oheroioally 
only  while  ita  electric  circuit  is  closed.    TluMfo  qualities  resolve 
thiMnsolveg  into  eapaeit]/  for  work  and  eomlanes. 

178.  Cmiacttjf /or  vork  doponda  on  two  conditions:  (i)  tbe 
amoiiut  of  active  materials  contnined  Id  tho  cells,  to  which  is     ■ 
related  "quantity"  or  "ourront";  (1)    tho  encrcy    liberated     ■ 
by  the    action,  $  tj8,  on  which  depeiidM  tlio  oloctromotive 
fijroe. 

The  first  of  these  in  controlled  by  tlie  air,o  of  tho  oclls,  and 
hy  the  SLilubility  of  the  materials  employed;  oolls  aro  fre- 
quently used  which  are  too  Kniall,  and  little  regard  is  paid  in 
proportioning  them  to  tliuir  work ;  thin  is  no  doubt  duo  ohiolly 
to  a  want  of  considcrution  of  cause  and  elFect.  It  is  impossible 
for  a  small  coll  to  work  regularly,  beoauiie  the  liqntd  rapidly 
ohangos  its  nature.  Iti  double  liquid  (^ells  care  should  bo  taken 
that  the  two  aro  sci  jiniporlioned  ua  to  wtitaln  the  equivalent 
quantillea  of  the  tiquitlM  rci^uired  for  thu  wuxV,«>i  SlQn.'i.  vjiK'^Q^at 
is  HVisteJ :  eometiaivB  oxcesE  of  one  ia  obCfteK&T^  \»  "i^^  tuaw«^'^» 
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or  eoonomical  use  of  the  other,  in  which  ooso  the  cxceea  should 
bo  of  the  loast  ooatly. 

179,  Generally  the  elemeuts  are  best  in  the  form  of  fiat 
plates,  bat  in  many  celU  they  Arf"  cyliDilt-rs;  aa<l  thou  the 
qneation  arises,  which  ehoulil  bo  the  outer  one,  tho  sine  or  tho 
negative?  'I'hia  question  may  bo  put  in  another  form  :  if  the 
plates  (lilFer  in  size,  which  stioiltd  be  the  largest?  There  nro 
two  cooil  reasons  why  the  negativd  motals  dioiild  bo  Urgratt. 
0)  '1  ho  zinc  in  Hubjcct  lo  local  action,  §  18},  wfaioh  oontribiituA 
nothing  to  the  work,  thcri-f'jro  its  Burfaco  sliouW  be  liiuited  to 
the  area  neolod  to  maintain  the  desireil  current,  (i)  Tlia 
negative  plate  is  subject  lo  "  polnri/ation,"  ami  should  there- 
fore  lio  as  largo  as  posvihio.  S  1^4.  After  a  great  many  trials, 
1  have  com«  to  the  oonclnsion  that  ihe  best  nrrangemeul  is  to 
fix  tlie  negative  element  as  a  cylinder,  in  tho  middle  of  whiuh 
the  zinc  cao  be  suspended. 

180.  Conitanq/  means,  that  having  onoo  set  Up  a  battury 
under  certain  ciruiimstunceiB,  giving  a  uertaiu  current,  then  that 
current  shttll  be  steikdily  inuiutniued  till  the  matcriats  of  tfa« 
battery  are  txhan^led.  Of  course,  the  conditions  assume  that  the 
externa!  reHiatauce  reroaius  imcUanged ;  tUert-'fore,  inconstancy, 
or  fluctiiutioti  of  current,  may  arise  from  variation  in  either  the 
force  geuerated,  iir  in  tlie  internal  resistance  of  the  battery. 
The  latter  change  ocoura  to  some  ei;tent  in  all  cells  from  the 
formation  of  snlphuto  of  rinc,  snd  the  former  occurs  in  most  in 
ooneequence  of  so  ualled  *•  [lolariiiation."  i  174. 

A  buttery  which  would  at  all  times,  and  under  all  Tariationa  of 
extoriiul  work,  generate  a  uniform  electromotive  force  would  be 
invaluable;  but  none  such  exist.  The  Uaniell.  S  30;,  is  the 
nearest  approach  to  it,  and  the  Grove,  i  336,  the  next. 

Duratitm  is  quite  distinct  from  oouataney ;  it  depends  entirely 
on  tho  cell  contaiuinf;  materials  enough  to  continue  working 
tho  required  period  ;  this  is  a  function  mainly  of  size  of  C©ll,  M 
related  to  the  required  work,  as  explained  |  176. 

181,  Dengity  0/ currmt, — This  means  the  quantity  of  currout 
tvlated  to  the  surface  area  of  a  conductor,  such  as  the  plates  of  a 
cell.  Theoretically,  cuncnt  is  proportional  to  E  M  F,  but  every 
reaction  has  a  particular  rate  beyond  which  it  cannot  be  prc'«sed 
witliout  introducing  now  conditions.  Thus^the  rate  at  which 
xino  can  be  consumed  in  acid  will  depend  upon  the  etreugth  of 
the  acid,  and  the  deposit  of  copper  can  only  proceed  at  such  a 
rale  as  the  diifusion  of  the  liquid  will  bring  fresh  copper  suit  to 
replace  tliat  which  is  reduced :  eo  with  every  action  there  is  a 
miixiinniu  rate  of  proper  working,  and  if  an  external  E  U  F, 
tmoh  aa  tb&t  of  other  ceUa  m  a  Wtlci'j,  ^kmw*  "Oa«  w^mjc 
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beycpod  this  limit,  a  counter  EM  F  rcaulta:  tberDfura  no  cell 
oan  ailTiiiitei^^ualf  form  pari  of  a  circuit  tranfimittiaf;  a  larger 
ouiTent  tlinn  the  coll  would  itself  ^eiierato  on  »horl  eiivtiit,  that 
ia  with  no  external  circuit ;  and  the  nio«t  advantaifieous  currant 
a  cell  can  be  callod  upun  to  produce  ia  half  of  ita  aboit  oiratlit 
power.     8e<i  also  S  'TJ' 

iSi.  Zisc. — This  is  practically  the  only  poaitire  niotal  em- 
plo^'ed :  iron  ia  soiuetiiuea  recommended  by  tbose  who  do  not 
uudergtand  what  ia  true  economy,  but  ita  K  M  F  is  only  tmv 
thirds  that  of  sine,  so  that  its  use  involves  extra  cells  in  that 
proportion,  and  waste  of  the  chemicals,  which  usually  cost  morOi 
per  nuit  of  current,  than  the  zinc. 

Ca$t  tine  is  not  so  good  as  ivillod,  it  ia  bard  to  aroalgamat«, 
and  boH  \vb»  clcctromotivo  power,  bul  for  rods  for  use  in  porous 
jure,  Hfid  particularly  with  saline  solutious,  cast  zinc  ia 
commonly  used-  la  this  case,  care  should  be  taken  lo  use  good 
»inc  cuttings,  removing  any  solder,  and  using  a  little  nitre  as  a 
flux,  which  will  remove  a  portion  of  tbe  foreign  metals.  It  is 
wL'lt.  also,  to  njiike  the  thickness  greater  towarvls  the  bottom, 
nnd  in  msting,  to  Add  n  littl«  mercury  to  the  niotol  just  boforo 
]iouniig. 

It  iH  mUU:*!  that  zinc  alloyed  with  »  little  tin,  lend,  and 
iinlimonr,  works  hotlor  than  pure  sine,  but  it  Beoms  iroprubablo. 

HoUea  ihfrt  ii'ic,  from  ono^isteenth  lo  a  quart«r-inch  thidc, 
Kuilnblc  for  cylinders  and  plates,  oosta  about  ^d.  por  poand. 
Tlio  simpb  Nt  way  to  out  it  to  hko  is  to  Hcratch  n  groovo  with  a 
Ktiri^I  point,  Kiich  iw  a  bmdawl ;  run  first  acid  solution,  and  th«n 
niciri'iirj-  along  this  groove,  and  allow  it  to  peDutrat«i  th«n 
ivpcat  tb<:  priiccss  on  the  other  «ide,  when  tho  metid  is  eanily 
broken :  it  may  nliio  bo  out  with  a  handsaw.  Zinc  softens  with 
modcMt«  heat,  so  that  hiird  and  brittle  as  tho  metal  is,  it  can 
vaaily  bo  lierit  up  into  Mmnll  cylinders,  if  held  in  front  of  a  good 
6re  till  tt>o  hot  to  handlv  with  tho  naked  hand,  and  llien  heut 
round  a  pieoo  of  wood  or  motal. 

As  the  sine  in  oaten  awav  at  the  sarTaoo  lino  of  the  liquid,  it 
id  well  to  cuitt  that  part  with  a  vanii«h,  or  i>nriiffin  wax. 

■  8j>  Loeal  aflion.  Zinc  in  acid  is  coiisumiid  in  two  ways  as 
Hliown,  S  i6i.  It  is  only  tliat  action  wliiiih  HomlHthu  hydrogen 
to  tlie  negalivo  platu  which  in  uHnfnl,  nii  xupplyinc  EM  F;  any 
gaa  given  off  at  tbi;  xinc  is  wuHtcftil  conKiimpttun,  but  it  cannot 
M  wliolly  avoided.  I'liro  nine  is,  however,  very  xlightly  acted 
on,  exoepi  whun  the  vondttcting  drcuit  is  cloiwd,  while  ordinary 
una  ia  oontinnoual}'  dissolvod.  This  dificn-iUM  is  usnaUv 
utlribut«d  to  th«  prwenoe  of  foreign  m«UiA«  w-VVvwy,  "kv  '*'VW*> 
JooaJ  cirotiits :  and,  tbercfore,  this  vcmUs  wrtioa  \»  ciC^iA"  Vi'** 
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action."   It  wiutiliwiovcrud  liy  Sturgeon  that  common  eino,  wheal 
uiiinlgamuted  witli  morciiry,  is  not  much  uott'd  on,  and  this 
Necms  to  reniler  this  explanution  eooiewliat  doubtful.    However 
A  well -am  Alga  mated  plate  is  scarcely  ttcted  on  in  dilute  sol-j 

Stioric  ai.-iil,  liut  the  preeunce  of  nitric  aojd,  or  luetallie  tialta, 
008  swfiy  witli  the  protection,  which  ap|)eai'B  to  depend  chiefly  i 
on  Ihu  iiilhi!»ion  of  a  film  of  hydrogen  guH  to  the  surfaoe,  whioh  1 
pii^veiits  contact  with  the  liquid.  When  tiio  circiiit  is  cloeed  : 
this  lydiogcn  is  transferred  to  the  negutivt-  plate,  and  thd  I 
prot«ctiou  iH  I'L-mcivnd.  Amulgainution  also  reuJerH  the  sino  a  J 
DOtt£r  BouTci!  of  dpctricity,  as  it  is  more  positive  tlian  ordinary  ' 
netal.  Zitie  tthonid  always  l>o  well  amulgainatt'd  for  use  in 
oellR  witli  ottldB;  but  it  is  of  leas  cansetjuenee  iu  presence  of  j 
BalinesiilutiuiiH. 

184,  AM.iLOAMATiOK.^Care  should  l>e  taken  to  use  ouly  pure 
mercury;  much  of  that  sold  contains  lead  iind  tin,  which  are 
luisobievouB.  Tlie  mercury  should  lie  kept  for  snuiQ  time  in  a 
bottle,  with  dilute  nitric  acid  over  it  and  occasiimally  shaken ' 
np.  To  amalgamati!  zino,  wash  it  first  with  strong  soda,  to 
remove  groaae  ;  then  dip  it  iu  a  vessel  of  water  cuntaming  oiie- 
teDth  of  sulphuric  acid,  and  as  soon  as  strong  action  takes  place 
transfer  it  to  a  dish  (such  as  a  soiip  plate) :  )JOur  meroixry  over 
it,  and  rub  it  well  till  a  bright  wlver-like  film  forma ;  then  aet 
it  up  on  edge  to  drain,  and  before  use  rub  off  any  globuloB 
which  are  set  free.  Whenever  the  kiuo  shows  a  grey  granular 
Burfaoo  (or  rather  before  thU)  brush  it  well  and  reamalgamatei 
roioombering  that  saving  of  mercury  is  no  economy,  and  free 
TMO  of  itnowMto — for  it  may  all  beieoovcred  with  a  little  caro. 
Koop  a  convoniont  size  vesscd  solely  for  washing  sines  in, 
Rud  bnuh  into  this  a  dirty  grey  powder  whioh  forms  and 
iit  AQ  amalgam  of  mercury  with  nine,  lead,  tin,  &o.,  and  forms 
ron^hoeMes  which  reduoe  the  protection  of  amalgamation. 
Thu  wftshing  should  be  done  whenever  a  plate  is  removed,  and 
never  less  than  once  a  day  if  in  regular  use;  the  fibre  brush  os 
sold  at  }(1.  and  4(f.  as  coarse  nail-brushes  are  exceliont  for  thcso 

Purposes,  but  of  oourse  must  not  bo  left  soakiuj^  with  noiils. 
ot  the  powdttr  collect  for  a  time  and  then  trannfer  it  tn  a 
bottle,  in  whioh  wash  it  with  aulphurio  aoid  first,  and  then  with 
dilute  nitric  acid,  and  you  will  recover  the  mercury:  or  the 
dried  powder  may  1>e  mixed  with  a  little  salt  and  distilled  over 
from  an  iron  retort  into  water. 

185.  Permanenl  amalgamaliim  may  be  maintained  by  attaching 
D  email  shoe  of  gutta-iniroli*,  ooulatuing  mercurj-,  to  tic  foot  of 
tJio  «ino  plate  :  the  mercury  eontinually  creeps  np  the  turfacu 
kept  clean  I>y  the  action,    This  plan  though  commonly  ubimI 
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rwiy  ninny  yvnrs  nffi,  hiM  Ijecii  i»-iDvented  of  late,  and  oallod  Itj- 
imvenJ  iaveu tors'  narnvn. 

^wu  eaU  into  IiiiUoibii  w)iil»  ditwolviag,  aod  it  U  good  Dooiiomy, 
to  fill  tb«ai  u£i,  when  cleiiiiing,  with  an  aioalguiii  cuuUiniiig  iin 
maoh  zinc  sut  poseiblo,  welt  furoed  in. 

■  86.  SL'ij-HL'itu:  Aaio.^TtiiH  in  tlie  roost  imporLtnt  vxcitnnt 
ni»eii  in  ordinury  Imttorieii.  Roal  O.  V,  (oil  of  vitriol)  Iiaa  u  Hpt^oiHo 
gravity  of  I '8^5,  i»nil  ccintuiua  »ljoiit  99  pur  feiit.  of  t!io  truo 
Held  (H^O,) :  ir.  in  nf  it  dwir  (xilnur.  uud  haa  an  uilv  iip(>eiir»in!« : 
thift  in  tnn  iicid  olwuvH  ineaiit  wliQii  sulpliuric  acid  is  H|iokuri  of. 
Brown  oil  of  vitriol  ih  tliu  ordloary  product  of  the  chiiinl>er8,  or 
thin  hnilcd  down  in  k<ad  paus,  and  containa  Tatiable  (luiuititiw 
of  aoid.  Thin  in  a  qiumtion  of  iirice  only,  but  tliia  acid  ofhMi 
contains  impuriticM  of  ndnoua  oausoquenoe. 

Brown  a>Uiar  may  Ins  Ann  to  dissolved  organic  mattt-r,  utraw, 
Ac,  and  t»  of  no  luuiuent. 

Arttnio  is  uftuii  prcnent,  and  must  be  strictly  avoided,  as  it 
unites  with  the  hydrogen  given  off.  forming  a  deadly  puinun 
when  strong,  and  being  in  any  case  injiirious  to  health.  It  in 
detected  by  diluting  the  acid.  &nd  passing  STilphtirotlod  hydro- 
gen :  arseiiio  forma  a  yellow  pr«c!pitato. 

Lead  is  ofleu  iiroseut  as  sulphato,  and  must  he  can-fully 
removed,  or  it  vrill  deposit  on  the  negative  metal ;  it  is  only 
ncoeoHary  to  dilute  tlw  acid  tna  separttto  t^imoI)  allow  it  to  oool, 
and  filter  it  off  b«foro  unt-, 

yUrotM  aeid  in  often  jtrviwnt  and  wastes  the  sine  by  deslroying 
the  hydroMD  Mm,  but  in  othorwiso  of  no  conHcciuonc«. 

TheodiUtionof  a  balfperoout.of  ooizn,  orothuroil  to  thoaoid 
before  dilution,  shaking  well  together,  prEcl[iitatGe  tbo  metalii 
as  noapa,  and  forms  a  awlpho-glycerio  aoid  which  is  said  to  pro- 
tect the  amalgamation. 

The  strength  of  aoid  used  in  batteries  may  vaiy  from  one- 
twentieth  to  one-teuth  by  measure  of  aoid  to  water. 


Table  11. — SPEvirtc  Ukavitv  or  SuLi-iiuitu;  Aoid. 


Oue-twenUnUi,  irobiniM    ..     ..  I'oa 

Ono-teiiili  „        ....  I'loo 

Ooo-tliiril  I':t9 

.Vi  pot  mat.  weiglit  ..     ..     ..  1  jsB 

00       iMBt 


;oi«rounc    i-(9a 
fo      ..         i-ToS 

100     „         i-8»6 


The  thiid  lino  is  thftt  strength  which  has  least  resistance,  and 
may  bo  used  in  roltomoten.  Very  strong  acid  cannot  lio  asod 
in  batteries,  as  thoro  must  be  at  least  water  enough  to  diwolvo 
tho  sulphate  of  zinc  ae  fonnod.    A  good  Bolutiou  in  imwlo  U-j 
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mixing  I  purt  li}'  Imllc  with  lo  ■>f  watur,  wliioh  nhutild  Iw  Hof 
OB  wfttur  confatining  lime  is  Rpt.  to  forui  u  ilujiusit  on  tlie  m«t 
BurFaoeB  ;  if  han),  it  hHouIiI  be  lioilcd  bcforo  ime.     lOO  ^^raitiM  lij 
meiuiuru  of  such  n  suttiLion  will  iUbhoIvo    ftliuiit  ii}'  grainK  o( 
exjuinirrt-iut  Kinc ;  but.  it  18  Ktd  economy  to  nwirly  Butiiiute  ths 
&oid.  pitrticiiUriy  if  Bi^vcrut  cvlU  urc  cuinliincd  in  Mjrk-s,  »K  iiiiiol 
ta  iipt  to  bo  ilepo-iteil  on  tlio  lower  [iiirt  of  thu  negative  pinto  i 
whifli  is  thuB  drJitrtiycil  fi>r  thu  time,  anil  froin  wtiioh,  us  tbu  xino 
in  [luru,  it  is  n  IrouWesiiniL-  ]l^^M:l^sl^  tinliiuiolve  il.     But  allijwm|_ 
for   inijmrity  in  ainc,  I'ichI  actiiu.  auJ  a  tine  proporliui],  ur] 
about  oue-Gfth  of  free-  iiui'l  left,  one  i>iut  of  this  solution  wuuIdJ 
diatiolve  about  i  j  08.  of  aino.    We  may  thiia  wilculaio  the  worfcl 
a  cell  is  oaiuble  of  itoing  as  a1>oiit  equal  for  vuuh  pint  of  solution 
to  34  euuivulunts  or  units,  ami  the  ooat  pur  unit  of  the  single 
acid  celiH  (line  37,  Table  V.)  '04}8  of  a  penny,  taking  amalga- 
mated siuo  at  6d.  pt^r  lb. 

167.  IlTtinocHLORic  Acid. — Tbis  will  serve  equally  as  well  as 
Bulpburic.  but  is  seldom  used  y«caUBc  it  is  deurer  ;  it  also  evapo 
rates  and  gives  off  iujiirions  fumes  aud  generally  contains  a 
little  iriiD.  But  it  has  advantnges;  it  given  about  ^  per  cent 
higbor  KMFthanfljSO,,  besides  which  the  chluride  of  zino 
furniod  it)  very  Boluble,  und  will  not  creep  up  ih«  coIIb  and 
oryntidlieo  as  the  sulpbnte  dce«;  also  it  is  usofiil  as  a  soldonng 
flux  imd  a  diinnfee'nnt. 

i83.  Sai.ink  Si>Mnioss,— Thc«o  arc  BomolimcB  rocomraeuded, 
imt  «r«  uHi'lcBB  in  single^tction  colln.  They  are  useful  in  BUch 
fvnnti  OK  the  mungnneBe  c>lls. where  oxygon  is  provided  to  take 
lip  hydrogen.  Sulphate  <>f  r-inc  ik  very  useful  in  plac«  of  acid 
in  the  Daniell,  hh  tho  Kulphato  of  copper  BOpplies  the  needed 
Otdd  ;  but  it  is  not  goiwl  in  nitric  acid  cells,  m  that  nieime  sohitioa 
of  tho  xinc  hy  the  mure  expensive  acid.  Common  ealt  has  often 
been  anggested,  but  is  very  iujuriouH,  as  it  forms  inaoluble 
oxyohlorides ;  thu  same  iijiplies  to  riiI -ammoniac  (ammonium 
chloride)  except  in  the  manguuese  cells.  'I'ho  salts  all  create  a 
muoh  higher  iutemul  resistuuce,  and  thcroforo  waste  the 
vaergy. 

189.  Cauhtio  Alkaum. — ThcBo  dissolve  motala  and  may  be 
used  tnstood  of  acids:  thos  tine,  lend,  nnd  lin  (ire  soluble  lu 
csustiosoda  and  potash,  producing  materialit  useful  in  dyeing 
nod  Other  arta,  and  liatteries  have  lieon  iii^ed  in  n-bich  they  are 
Hubstituted  fnr  xinc,  which  is  aliio  used  in  Eovetnl  forms  to  be 
detoribed  Later.  Copper  ia  soluble  in  ammonia,  producing  a 
compound  (euprammonium)  whivh  has  tlie  property  of  dis- 
solving cellulose.  Caustic  alkalien  or  tlicir  carbonates  separated 
from  acids  by  porous  cells  generate  E  M  F  by  their  reaction, 
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oreii  n-ith  plftloa  of  similar  luolal,  as  [iliitiiiuiii,  nnil  thif  may  be 
a^iluil  U}  Ufi  foroo  artKing  fruin  thuir  Nu^iiirnt-^  rolntioua  to 
difTurunt  loelalA.  Thu  (>)>juctiuii  to  alkatit^H  m  tlint  they  abeurb 
oarlioiiio  add  from  the  atr,  which  may  hv  larg<^ly  pntTCintod  by 
o()v<!ring  witti  a  ntnituni  of  parafUn  utl.  Tho  ii)>>tnl  also  con- 
tinuttf  to  (lisHulvu  wLmn  Uia  cell  ia  out  uf  aution,  but  doca  not 
nood  niiialE;ainulivn. 

Soda  awfutioii  is  iireptired  Iw  boiling  i  lb.  common  washing 
voda  JD  4  pint«  of  water  with  o  ounces  of  qiiiclclimo  n.-diicod  to 
a  vruAin  with  )>urt  of  tilt:  water.  Tlio  boiling  shoiiM  \w  olToctod 
iu  an  iron  pot  nut  tinii(,*d.  and  continuud  as  long  an  t)io  clear 
Molution  «tr<!rv('Motw  on  addition  of  acid.  It  citti  bn  Kt^pitrntoit 
fruai  thu  oartioiiatc  ofliinu  by  Mttloment  and  ponring  off,  and, 
if  dc«ir(.-d,  iKiikil  dtiwn  to  dryness  for  keojiiiig.  Tin;  doliition 
of  poIasJi  given  a  highor  forco  than  soda,  but  ia  luoro  uxjicniiiro. 

19&  Zine  in  alka/t  may  bo  recovered  wht-re  tho  quantity 
nialMM  it  wiirth  while.  If  sulphuretted  bydrogtm  tH  iiaKti^d 
throngh  tho  i<^uIutioii,  tlio  tunc  la  thrown  down  as  a  «uIphido 
more  or  lv)tit  pure,  and  the  caustio  alkali  ia  reproiluood  ready 
for  use  again.  Tho  stilpbido  of  zinc  may  be  unod  as  a  paint  or 
paii6ed  by  dissolving  in  sulphuric  acta,  giving  oflTH^b.  whioh 
can  be  used  to  tlirow  down  aitothor  chartre,  so  that  the  first 
supply  of  IIjS  serves  continnouelv.  Tho  sulphate  of  zinc  after 
being  fiieed  from  iron  by  a  littlo  btcaching  powder,  can  now  be 
precipitated  with  barium  sulphide,  a  cheap  natural  substance, 
which  produces  a  mixture  of  Bulphato  of  barium  and  sulphide 
of  zinc,  which  is  an  excellent  whito  paint. 

The  last  part  of  the  treatment  applies  also  to  solutions  of 
Kino  sulphate  obtained  from  acid  bntt4:ri<.'8. 

191.  The  aimplost  ^Ivanio  generator,  and  tho  first  devised, 
ia  tho  combination  of  utomato  plates  of  copper  and  zinc.  Most 
electrical  works  employ  a  good  deal  of  spnoo,  in  describing  tlie 
forms  dovisod  by  Cruik>hank,  Wollaston,  and  othora,  coiisiating 
chiefly  of  tho  modo  of  nrrangcmoot  in  tho  containing  TOMels, 
tho  UBo  of  double  coppor  plat-*  surrounding  tho  zinc,  and  utich 
like  ninttcr».  But,  oh  tho  «cim]do  coppor-zinc  amtngomunt  is 
the  most  unsati  If  factory  form  known,  this  oouplo  calls  for 
attention  simply  for  tho  sako  of  principles. 

OoiTEu  ANo  /isc. — When  the  plates  aro  first  immor«cd  in 
dilute  Bulphuricacid,  and  tho  wirctt  oonnoutod  to  a  galvnnomolor, 
a  deflection  is  produced,  markioz  a  powerful  current,  but  tbo 
effect  rapidly  dooreases,  $1  i6>and  174;  atW  a  time  the  copper 
U  coated  with  a  film  commonly  said  to  bo  oxide  of  copper, 
thongh  it  is  obvious  that  no  oxido  conld  form  there  in  tlio 
presenoe  of  nascent  hydrogen;  it  is  really  a  combiiLia.tvo^  ^^  ^'«' 

v1 


116  OALVAKIO  BATTEKIES.  [19S. 

hydrogen  with  the  metal,  and  tli«  diminishing  power  of  tlia 
cell  is  due  to  the  fonuatiou  of  this  hydride  or  alloy,  which 
preYcntA  contaot  of  the  copjier  with  Uio  liquid,  thereby  in- 
oreacdng  the  iiiteniHl  I'etiistanco,  while  the  affinity  of  the 
bydriigeu  for  the  acid  radical  resiata  the  puIarisiuK  power  of 
the  zinc  and  diiuinialiea  the  eleotro motive  force  of  the  coll, 
I  174.    This  rapid  failure  will  bo  seen  in  Tahle  IV. 

Pure  copper,  aa  deponited  hy  the  electrotype  proccea,  has  u 
highor  ]K>wer,  probably  beoau«e  of  its  purity,  but  alwi  on  accotmt 
of  the  nature  of  it*  eiirfaoe,  which  is  oonaed  with  iunumerablo 
fine  poiiitM,  from  which  Uie  hydmgeu  is  given  off  moro  readily 
than  from  a  amooth  surface.  Henw.-,  if  a  copper  negative  plato 
iu  to  be  used,  it  should  have  a  Jejjosit  of  copper  formed  on  it. 
A  little  nitric  acid  addiJ  to  the  Bolution{"oreveu  nitrate  of  Bi>dtt) 

Stveatly  increases  the  efficiency,  but  in  this  case  a  puroue  cell  is 
leairable  to  keep  the  zinc  apart. 

19a.  Ihos  ask  Zinc— Iron  has  often  been  reoomniended  as 
a  negative  eleineul  because  its  surface  keeps  cleiin.  Its  force 
is  very  low,  as  may  bo  soon  by  Table  IV.  The  rejieon  of  it« 
surfaoo  rcm&ining  clean  \k  mainly  that  the  acid  acta  upon  it  aa 
well  n«  on  the  zinc,  mid  thnii  causes  much  waste. 

I9J.  Sii.VKrt  NtojAnvK, — This  acta  very  well,  especially  if  a 
Lliidcish  depoeit  is  formed  upon  a  thin  sheet,  so  as  to  obtain  B 
rough  surface.  Such  a  coating  may  bo  dejKJsitcd  on  copper,  bat 
deposited  metal  is  always  pcroiu,  and  the  acid  eventually 
sets  upon  the  copper;  this  is  tho  only  objection  to  the  use  of 
copper-wire  gauze  plated,  which  otherwise  makes  an  exoellent 
nogativo;  it  shuulu  never  be  left  in  the  acid  when  out  of 
action. 

194.  FLATiiiiseD  SiLVEii.— Smco  having  found  that  the  nature 
of  tlie  surface  wns  of  the  greatost  importance,  and  that  the 
bydrogcn  is  mere  readily  given  oS  from  a  rough  surface  than  a 
mnooth  odo,  and  also  l^aring  in  mind  that  platinum  has  thd 
highest  electro  motive  force  of  all  the  metals  as  opijo^cd  to  aiao, 
deposited  this  motol  as  a  tine  black  powder  uu  the  surface  of 
nlveTi  and  tlie  cell  with  this  ai^  the  negative  plate,  which  justly 
bears  his  name,  is  one  of  the  most  valuable  gifts  evirr  made  to 
electrical  science.  Hut  even  this  cell  rapidly  faila,  if  worked 
with  a  full  current.  The  Hmee  batteiy,  in  ita  usual  form  ia  of 
simplo  construction ;  the  silver  sheet  is  held  in  a  eaw-out  down 
the  middle  of  the  inside  surfaces  of  a  wooden  frame,  of  which 
the  top  and  bottom  bars  may  be  J  inch  thick,  and  the  sides  J, 
the  wood  being  well  baked  and  soaked  in  melted  paraffin  before 
puttins  logothor  by  the  usual  mortises  and  teuons ;  a  sheet  of 
MHO  isDold  on  each  face  by  means  of  a  brass  clamp  with  a  screw, 
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'  which  promes  them  against  the  frame,  and  cniries  aleo  tbe 
bindiug-Bcrew  for  the  conneclioti,  that  for  the  silver  passing 
throagh  a  bole  in  the  top  bar,  and  being  soldered  to  the  eilver; 
the  sitica  should  be  narrower  than  thu  ailvor,  in  order  to  giro 
free  earai«>  for  the  ^;aa. 

15^.  Itolled  silver  can  be  obtained  ready  platinised,  or  ordi- 
iiaiy  thin  sheet  can  be  lightly  roughed  wiUi  fine  glass-paper,  or 
b^  dipping  in  nitric  acid,  wtjll  waahe<i  aud  platinised.  Insert 
in  a  Teasel  with  dilute  acid,  and  conntct  it  by  a  wire  to  a  small 
slip  of  sine  in  a  porous  vessel  in  the  same  add;  in  faot  mount 
it  aa  a  battery,  but  exposing  at  firat  only  a  more  touch  of  the 
zino  to  the  liquid  ;  drop  in  a  few  drops  of  platinic  chloride,  and 
etdr;  gradually  a  faint  colour  forms  on  tne  silver;  add  more 
platinum  salt,  and  increase  the  zinc  suiface  :  and  after  a  good 
adherent  coal  is  fonnt-d,  gradually  increase  the  action  till  the 
surface  is  fairly  covered  with  a  black  coating,  which  touch  aa 
little  as  possible.  The  platinum  solution  is  made  hy  dissolving 
scraps  of  thin  platinum  in  a  mixture  of  two  parts  of  hydro- 
chloric andone  of  nitric  acids;  tlie  solution  is  very  slow,  and  is 
bent  vfTi^clAd  in  a  flank  with  a  long  nock,  in  whioD  is  in«4rtcd  a 
t«!tt-tiil:)c  filled  with  water,  and  stood  by  in  a  warm  place 

Subttituks /or  titrrr  have  often  boon  pro[>OBod,  o»  load,  oud  an 
bUoy  of  lend,  tin,  and  antimony;  thoy  arc  aU  bnd  ooonomy,  aa 
they  give  lower  !•  M  h\  and  silver  bos  a  value  of  it«  uwd.  own 
when  worn  out. 

196.  Caruon  Asn  ZiHC^-Mr.  Walker  auggostvd  thi:  ime  of 
graphite  platca ;  it  lias  also  liccn  platinieod,  which  intTcaHcii  itJt 
power.  Owing  to  the  groatcr  rosiatanoe  of  carbon  and  itn  iiowur 
of  condcnxiiig  hvdrogen,  this  oombination  give*  a  lower 
current  than  a  xilvcr  pinto  of  tbo  umo  aiso,  and  hati  rariouR 
inuMivcnieuuea  which  render  it  l«i«  ooonomical  in  the  cud  than 
ailver. 

197.  For  occadioiial  puqtoMM,  or  for  larg»  working,  the  best 
ixmnt ruction  U  to  uku  a  jar  or  wide-mouthod  bottle  with  the 
nttcativc  cluracnt  an  a  large  cylind<<r,  mippurlcd  in  it  by  wirea 
wiill  cuatod  with  cuiiidit  and  prvividod  with  u  binding  screw. 
Thu  lop  can  In-  chmnil  with  a  pucu  of  baked  aud  paruffined  wood 
with  u  belli  in  the  middle  whioh  will  juat  admit  Uie  sine  plate 
or  rul  tobepai>Mcd  in  when  nspiircd;  at  other  timea  this  opening 
can  bo  iitop|wd  to  pwvunt  cva]ioration. 

L^      198.  A  Niinilar  ikrrniigcniont    can    bo    made    with  a  poroni 

H:'jur  fixf'd  in  tlic  top,  and  thin  may  contain  a  aaline  Molutiou  to 

diminiiih  action  on  tho  wnc.     There  must  Iw  an  optining  in  tlie 

toji,  outside  the  poroiw  jar,  for  the  purpCHW  of  changing  tbo 

|Kli<],uid  apd  allowing  goa  to  escape.    If  tho  part  of  the  ^raua 
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jar  above  tlie  liqnid  be  well  Hoakod  with  paraffin  (or  if  morel; 
a  glass  tnlie  pHSScn  down  to  ImjIhw  tlio  aiirfaco  of  the  licjuid),  tl; 
cell  l>6eoiu68  ftu  admirablb  Toltanifter,  if  a  small  tnbo  is  fixod  ' 
the  ttip  to  carry  the  gas  iiivay  U>  lie  measured. 

195.  For  Urge  currents.  woiMk-ii  cells  lined  with  cement  &r 
Tised  in  which  jiUt^-s  are  emtpen'^bd,  allurnatety  zinc  and  rn^gittivsj 
Dietal,  all  of  each  kind  heiug  coimtcted  toi;cthcr{onoconnc>ctioiij 
on  ciich  aide  of  the  coll  is  V'ljt)  tu  act  as  one  rlcment  of  Inre 
surface. 

An  excellent  mode  of  making  connection  to  the  zincs  !> 
have  a  narrow  trough  containing  mercury  across  the  bottom  ot 
tho  coll.  connected  by  a  wire  covered  with  acid-proof  oomcnt,! 
eo  that  standing  the  pbiti-  in  llio  trough  connects  thi?  Kino  at 
once,  and  also  kee]JS  np  itn  amalgamation  S1B5  ;  a  Imr  Khoulil  bo] 
provided  for  tho  zino  to  lean  against.  Each  zinc,  for  rcgnlar) 
working,  should  bo  in  the  fortu  of  at  least  two  plates :  (>no  ofj 
them  can  then  be  removed  and  replaced  hy  a  fresh  plato  withoatj 
deranging  the  work  goinj-  on. 

300.  OAI»-ond-en(ii(  Cell. — Smoe  proposed  what  hci  cnllcd  nut 
"odd»-and-eiids"  all.  compoeed  of  a  jar  in  which  a  quantity  ofj 
mercury  whs  placed  with  scraps  of  Kinc,  broken  ]ilnto«,  or  ftTCnj 
ruw  iqiiltcr  ;  a  plat"  of  platinised  silver  wuh  then  nusjwnded  inl 
tlic  jar  and  I  bo  acid  solution  iiddwl.    It  in  not  witiNfiiclor^'.  but  may  ] 
1m;  uaiMt  t"  work  up  broken  platfs  and  «ndM :  nnch  a  cJll  a»  S  197 1 
may  ruTvc,  with  u  jiOTcinH  cell,  orovon  n  giittA-piTcba  ■"•  earthon- 
wtiri;  ut>v  with  the  Kidcs  full  of  holies  fittoil  with  u  ooniiectiitg i 
win>    fS  lyij   and  a  Iay<r    of    mcrcurj'.     Or    a    square   coll, 
wiUi    a    division    acnwts    the     hot  turn,     forming    a     mercury 
tniugh,  may  bo  used,  tho  —  ptntc  huiiging  clear  of  the  mercury. 
The  mercury  in  subject  to  little  waste,  hut  now  mid  then  tlia 
wholesliould  he  removed,  well  shaken  up  togothur.  and  repacked, 
and  tho  nicriniry,  aa  it  becomee  charged  wilh  metals,  should  be 
filtered   by  wjiicezing    thittugh    a    wet    chamois  leather,    tho  ■ 
residue  bein)c  uddi^d  to  the  collection  descrilwd  §  104. 

201.  All  ihcMc  single  liquid  cells  have  twodefocta:  (j)  As  tho  i 
energy  is  largely  carried  off  by  tlie  hydrogen,  their  oleotro- 
motivo  force  is  low  ;  it  cnnnot  "exceed  1  ■  1  volt,  and  in  actual 
work  ita  rarely  exceeds  5  volt.  (2)  deficient  constancy,  as 
shown  in  Table  IV.,  which  cnn  only  bo  partially  overcome  by 
hirgely  increasing  the  negntive  Hurfacc. 

20a.  Dfnwi.ARiziso  BArrt:r(iKS. — This  is  the  name  frequently 
eiveii  to  those  in  which  nome  agent  is  employed  ti)  pravont  the 
hydrogen  from  Ijeitigaitt  fi™-.  There  are  two  mtxW  of  effecting 
this  :— ( 1 )  a  metalliL-  suit  iiUows  its  liasc  tti  be  llirowu  down,  it 
being  replaced  by  tho  hydrogen  which  forms  an  acid ;  (i)  a 
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HnbataDoc  in  nsw)  whioli  (wmtaitm  uxynon  or  ohloniiu  in  a  oom- 
bination  oasily  roloneoit.  nml  witli  whioh  tlie  hytlro^u  can  anito. 
I'his  i§  offoctod  by  liquidt,  mioh  nx  nitric  or  ohromiu  aoiilit  which 
nro  poworfal  oxidants,  or  by  tolid  aside*,  »uuli  w  poroxidot  of 
mnnganese  or  ImuI. 

Invantiira  hAv«  (civrn  niucb  atUtntioii  to  th<-80  (!oinbinittii>ni>, 
and  tbera  aro  a  multiuido  of  iMitloiitu  naiiiL-*!  uflur  tlmir  invi>n> 
Wrn  and  |Mit<^nti:ee.  F«w  of  ihmn  aru  of  any  valiiL%  ami  niont  of 
thorn  are  rcintntiluoliunH  uf  nuitUTH  thckniii)i;hly  known  lo  »r  ao- 
yi>arHagi;i:  (itliLTii  ar»  m<'(1ifi(-atiiina  of  <.x>uHtr[icti(>n.  It  w»iild 
lit;  imjNjssiUo  toiiiisuriliuttll  of  llit»t&,  but  those  iif  mimt  jirwbiililo 
mm  will  !)!•  explainoiL  RtMiIum  will  bis  best  st-rved  by  buviuji; 
tho  prinoiplL-n  ux[)tiiiiivd  whioh  guvorn  tlieui  all  atid  the  beat 
nmdw  of  f.iniitriicliou  piiinlwJ  out.  When  two  iiquiiln  aro 
ruiiuirud,  thtry  mu-t  be  kt-jit  from  mixing,  so  far  aa  possiblo, 
wiihitut  iloKtroying  the  continuity  of  liquid  by  whioh  oonduotion 

in  l;ffi!0 It'll. 

aoj.  Porous  Jars. — At  first,  animal  niembianes,  bladdera, 
OS  f^ulleUi,  &c.,  woie  utilised,  lu  some  caees  good  paper  is 
useful,  especially  ths  parcbmentiaed  paper.  In  oxpurimonts 
requiring  great  reeiatanco,  glass  tubos  pInKgoil  with  plastor  of 
I'&ris,  or  even  olay,  are  omnlc^od  ;  for  ainall  cxpcrinioita,  or  for 
platinising  Bilvor,  the  bowl  of  a  tobacco  piite  may  bir  used.  Kur 
practical  j)urpoBCH  iingbuwd  Mrthenwaro  m  omployoil,  and  may 
bo  obtained  in  any  form  or  size.  There  aio  many  i}ualitiirM,  nnd 
they  must  bo  a<laj>to(!  to  the  special  puqxiKii.  Tlii^Nr  iKirimn  jani 
oouduot  by  the  liquid  thoy  absorb,  and  iw  thoy  loduoo  tlm  urua 
of  liquid  through  which  tho  action  tuk>«i  place,  thoy  itmrwiiio 
tho  internal  rrwUtunuu;  nor  in  it  pomibltt  tn  prevent  luiinu 
raixtuTO  of  tlio  two  ■uliitidiia  thuH  H<-]>iiratu(l,  wbioli  oauiiti*  wiwto 
by  local  action,  bvaidoM  affooting  th(^  r»ir>ilarilv  of  the  working, 
llonco  for  long-i(ustainod  action  a  tbtok  and  ulose-g rained  jar 
niuHt  1x3  uw-'d,  while  an  opuu  and  mon-  pcirmia  one  suitn  bt-itt  for 
abort  nerioda  and  strouK  ootion.  Thu  tiii»>t  loruus  ones  are  of  a 
rod  colour  and  stuft  niati-rtal.  the  tinc-at  and  moat  enduring  are 
cloHR-gratnod  and  white;  a  H'lod  niatuiiul  is  soft,  and  may  bo 
liCra]<cd  with  a  knife.  The  beat  teat  is  to  fill  them  witii  water 
and  Bbo  how  long  itialHiforL'  it  formaadow  on  the  outer  surface ; 
if  it  runs  off,  the  jiir  is  not  fit  for  use.  It  is  a  great  improvement 
ti)  render  the  buttoni,  and  atil  1  more  the  part  which  is  to  remain 
ul^ve  the  liquid,  Don-abanrbtjut.  If  thi>i  is  not  done  tho  salts 
rist)  up,  flffloresoe,  orystalliae,  and  disintegralo  the  jar.  For  the 
same  reason  jaia  talreti  out  of  the  liquids  muet  not  bo  permitted 
to  dry,  but  ahould  be  ktfpt  soaking  in  water  to  prevent  thoir 
destruction.     This  is  of  |>artioular  imj>ortanoe  witK  yw*  wwA  V« 
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tbd  Daniell's  call,  M  th«y  aro  wry  apt  to  get  uoduloe  of  rapper 
deposited  on  them  wherever  the  zinc  has  touohod  the  iDnor 
Bnrfaoe,  partioularly  at  the  bottom,  where  iJropB  of  morcury 
01  flakea  of  einc  fall,  and  the  cell  is  very  noon  rendered 
worthleaa ;  if  this  occtim,  the  spot  of  metal  should  have  Bome 
oement  or  gutta-percha  laid  over  it,  so  as  to  render  it  non- 
condiiotiiig.  Some  porons  jars  are  glazed  at  the  ujtpcr  part ; 
vrhen  this  ia  not  the  case  they  should  l>o  rendered  non-abeorbent 
by  Btandin|»  in  a  thin  Inyorof  paraflin  kept  just  above  ite  melting 
point,  till  thia  has  been  soaked  up  o«  far  as  is  reqnired, 

304.  Electkic  E n  110s vi.wb,— Whenever  two  different  liquids 
are  separated  by  a  porous  diaphrngra  they  each  paaa  over 
into  the  other,  and  become  mixed  :  this  action  la  mitod  eiidostiuita 
and  the  sole  nae  of  the  diaphragoi  is  to  diminish  the  rate  of 
mixture.  This  action  occurs  in  botli  (lirections,  liut  when  an 
electrio  current  paeaos  through  liquids  thus  separated,  the 
liquid  travels  with  the  positive  rurreut,  with  such  n  force  as  t«j 
counterbalanoe  a  large  difl'erencc  of  level,  I  have  known  zinc 
cclla  to  be  nearly  emptied,  when  a  strong  current  was  passing. 
Il  uppeuTB  iia  though  the  aetiial  subelanees  uudergoiug  decotu- 
piiNitiu:]  were  nut  the  pure  bodieit,  but  cuuipounds  of  these  with 
water,  uiid  Uiat  thia  acoompuiies  tho  4-  iou :  but  il  is  nlao  found 
that  the  bulk  earrii-d  by  a  cnrreut  is  greater  with  badly 
ooiiducling  Bulutiomi  than  with  good  conductors.  The  laws 
aHcei-taincd  by  Wcideiiiunu  are:  (1)  the  quantity  which  flows 
out  in  equal  timee  i^  directly  proportional  to  the  strength  of  th« 
current,  (a)  Tho  quantitien  flowing  out  are.  all  other  couditiona 
being  equal,  iudepeudeut  of  the  siEe  of  tlii-  porous  subslauco, 
(j)  The  height  to  which  a  cunent  will  oatise  a  liquid  to  rise  is 
directly  piuiwitional  to  tho  extent  of  the  porous  surface.  (4) 
The  force  with  which  an  eleotrio  tension  urges  a  liquid 
ooras  the  (lartilion  is  eiiuivaleut  to  a  pressure  proportional  to 
that  tension. 

205.  The  DaNiBXL's  Ceij- — This,  the  first  devised  improve^ 
ment,  is  alHO  ihe  most  successful  attempt  to  obtain  oonstanoy. 
To  it  also  we  owe  tho  discovery  of  the  electrotype  process.  Its 
principle  is,  that  copper,  as  the  negative  metal,  is  surrounded 
by  a  solullou  of  a  salt  of  copper,  which  is  reduced  ;  instead  of 
hydrogen,  copper  is  set  fiT-e,  and  deposited  on  the  negative 
enrfaoe  which  is  tlius  kent  constantly  renewed.  The  acid  of 
tho  snit  is  transferred  ny  electrolysis  to  tho  positive  metal, 
through  tho  i>orou§  medium;  henoe  if  fiBsh  salt  is  provided  to 
rejdace  the  consumption  the  negative  plate  and  solution  remain 
unaffected  except  by  endonmosa  from  the  xine  cell,  but  still 
nbooliite   Ponsfancy   cannot  be  obtained,    because   at  tlie  zino 
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dissolroif,  tlidHoltitidii  Kilimging  in  il  lii.M.'nnK^K  Ic-Mhnctivi-  aiidli^rM 
OODdaeting.  Thu  gruat  drawbnck  to  this  cell  is  thut  thu  copper 
mU  pnsBea  by  endormme  into  the  stino  iKiliitioa,  wid  actii  on  Hm 
taita,  where  the  (!opi>er  is  dcpusiteil,  »nil  causes  grent  w«Bto  by 
setting  lip  locftl    Bctioiis.    Many  forms  have  U'en  deviswl  to 

iirerent  thia,  some  of  whicli  will  bo  iloHcribod.  A  plan  I  hnvo 
bund  to  ainwcr  with  larce  oells  for  long-continued  expenmenbi 
in  which  constancy  was  important,  is  to  uso  a  larger  porous  jar 
outside  tlio  eino  one,  lilliiiK  tlio  epaoo  botMrmm  them  with  a 
Rtrinig  solution  of  zinc  sulphate,  and  eomo  ziuc  cuttings  to  do- 
oompOM)  any  copper  salt  entering ;  the  inner  ooll  is  thus  kept 
niMirly  fr«e,  but  of  course  the  internal  rosistanco  is  somowhAt 
inoTMued.  The  ordinary  form 
of  the  Daniell  is  shown  in 
Fig.  35  :  a  the  oopper  vessel 
fitted  with  n  resdrvoir  b  for 
the  crystals,  ethe  jiorauscell, 
d  the  zinc  rod  suspended  in 
it  by  a  bar  pajudng  thruiigli 
it.  The  part  of  the  copper 
cylinder  within  the  reservoir 
M  of  coDtao  perforated,  and 
shonld  bo  well  varuished. 
Modes  of  oiinstruotion  maj-  be 
varied  to  any  «xteut.  Thus 
instead  of  a  oopper  contain- 
ing vessel,  a  glass  or  earthen 
jar  may  be  used  with  a 
cylinder  of  sheet  copper,  oi 
sncli  ■  jar  laay  bo  covered 
inside  with  a  film  of  wht, 
blookluAded,    and     the    dt^ 

poaitod  ooppor  will  fonn  its  ~  '""  -~ 

own  rarfaoOtOrthin  sheet  lead 

may  be  used  (not  tin).  As  the  oopper  solution  creeps  np  the 
sumoes  (especially  with  gloss)  the  upper  part  of  the  vossels 
shonld  bo  warmed,  and  coated  with  paraffin,  which  resists  tliis 
action. 

lo6.  Flut  plates  may  l>e  used  in  a  TOiwel  across  which  &  plato 
of  porous  Diaterial  is  lixed,  and  tliis  hon  advantages;  among 
others  it  is  cMy  to  make  the  cell  itwolf  sorvo  as  a  depositing 
vessel  by  tnung  models,  seals,  Ac,  in  fact  any  ohiect  we  wiHh 
to  copy,  OS  the  negative  snrfftOe,  by  suspending  these  to  u  rod 
which  forms  the  -f-  pole  of  the  battery.  This  in  in  fact  what  is 
culled  the  siDgle-ooirpraccBB  of  eJectrotyping.    TKft  wiVv  \*\«*^. 
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inad«  of  wood,  lined  with  a  resiiiDiis  cemeut;  gutta-percha  may 
bo  uited,  but  has  the  Oi^ilvautage  of  Eucilitatiug  ilio  creeping 

SmcesH  of  ttcids  and  salts,  wliicti  is  tniuhloaome  and  mes^, 
fside*  oaiming  loag  of  jiower.  Four  paxia  rcuiu  melted  with 
one  of  gulta-pcrchik,  and  n  small  ipiuiitity  of  boiled  oil  answera 
perfectly  ;  the  wixhI  ehoiih!  lie  perfectly  dry  aiid  warm  when  it 
is  applied.  A  wtiiiliir  cuincnt  with  a  larger  pniporlicjii  of  jjntta- 
pevclia  iijay  Im;  usi-d  f-ir  iiovering  « ires,  first  bisalii]^  them  bo  as 
to  insufL-  adJitrunoc;  fur  tliie  purpuse  it  tthould  l>e  nm  into 
sticks.  Such  au  Ajiparatns  is  Bhutvn  in  Ftg.  )6  :  a  6  ia  the  box 
divided  by  the  ]Juroua  jmrtitioii  d,  which  may  be  replaced  by  a 
porous  cell  standing  in  the  liox  :  e  is  a  jdaoe  for  boldiug  th« 
crystals;  e  and /are  two  bars  of  metal,  tu  which  are  hung  the 
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ohjecis  t"  Ik-  <xpi>ie<l  and  the  zinc  plate,  each  fitted  with  & 
binding-screw.  Thu  bars  being  movable,  it  is  easy  to  regulate 
the  distancc«,  and  so  t^  control  the  action,  by  altering  the 
internal  resirtancx^ 

207.  This  appuratUH  answers  admirably  for  a  voltameter  by 
nsinfr  a  light  copper  plate  and  weighing  it  after  an  experiment. 
The  Daniel  cell  will  also  serve  as  an  approximate  measurer  of 
current  by  the  solution  of  the  crystals.  Aa  these  contain  ono- 
fonrth  their  weight  of  copper,  the  quantity  needed  for  a  givon 
work  is  easily  talculaled,  and  if  this  is  put  in  the  reservoir, 
when  dissolved  it  will  indicate  the  completion  of  the  work. 
Sulphate  of  funkier  is  often  very  impure,  iron  and  aino  replacing 
tho  copptr,  and  therefore  the  salt  should  be  examined. 

loB.  II1U  fluid  Kurrouuding  the  sine  may  be  the  usual  acid. 
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but  for  ocnstuiOT,  thongli  with  Homewli»t  grcattT  ii]tcm») 
losistanco,  tiis  beat  solutioD  is  a  half  aatiiratod  ouo  of  euluhato 
of  ziDc,  kept  in  proper  conditiou  by  occasionnHy  removing  % 
littlo  Uid  replacing  with  wat«r.  Sal-aiumoniao  or  common  salt 
have  been  naed,  but  §ae  i  188.  With  Deatral  solutions  the  itino 
need  not  b«  amalgamat<3i:l :  the  zinc  ehould  bo  reniovrd  ooco- 
sionally  and  tho  deposited  copper  brushed  off,  and  when  « 
battery  is  reiiiirod  only  »t  intervals,  the  zinc  solution  Hhnuld  ho 
ompti(<d  into  a  jar  with  a  few  Aciaps  of  zinc  to  rcdiiou  any 
copper.  As  during  action  the  current  resi«ts  the  ciid<«niiiHi)  nf 
the  copper  towards  tho  nine,  $  zcu.  it  is  desirehl^,  wh<.-n  u 
bfittcrj-  ia  out  of  action,  to  close  its  circuit  lhri>u);)i  n  resisliuioe, 
HO  ae  to  maintain  a  small  onrrenfr.  In  fact  it  is  found  wilti  tho 
Dnniclls  used  in  tolagraphy,  cnnnistirig  of  jxi roue  cells  greased 
wTcrywhcro  except  nponn  siirfucoiinliicieut  to  allow  the  required 
notion,  that  tho  oxpcDKi  of  maintenance  is  about  the  tiamo, 
whether  working  or  not. 

205.  The  action  of  the  etilphato  of  oopjitr  cell  ta  easilv  ex- 
pluncd  as  an  extension  of  that  shown  Fig.  54,  S  fSj.  If  we 
oonKJiler  tlie  two  moluculiM  to  tho  right  to  be  sulphate  of 
ooppor. 


TVo  have, 

puluiizcd 


a 


n,so.,  H,so. 


bie.kiDgtip  ZnSO..  H^ti.. 


CnSO..  CuSO 

ScCciT,  stj^cu 

H,SO.,  CnSO].  Cn 


I. 

o 


The  luKt  lino  shows  that  an  atom  of  xinc  is  taken  np  and  ona  of 
(■'ii)[>(Tr  diHi]>laou(l ;  that  the  faroe  is  the  difference  between  tho 
ufliuity  of  sulphuric  radioal  for  «no  and  for  copptr;  the  acid 
Horvcs  only  an  a  conductor,  as  it  will  be  seen  that  tlirre  is  the 
same  quantity  after  action  ns  before  ;  the  force  is  (.•quivatont  to 
the  heat  sine  would  give  while  procdpttatiiig;  copper  from  ittf 
sulphate,  and  is  really  tho  difference  between  the  energy 
existing  in  sulphate  of  copper  and  that  nec<<ssary  for  sulphate 

of  161  uc. 

310.  The  Ehctnnitntii'e  forcv  0/  the  DaaicU. —  It  is  uKtially  statod 
to  bo  volt  I  -079,  but  is  subject  to  many  cmisos  of  variation,  no 
that  nood  authorities  differ  aa  much  ae  j  per  cent,  in  tho  valno. 
Dv.  Alder  Wright  calculates  it  from  the  chcmicid  rvactiuns  on 
I  ■  10^  and  eaj'8  that  the  spocltic  gravity  of  tho  liiguidH,  i.  u.  thu 
stTen(;th  of  the  acid,  plan's  bo  important  n  part  that  with  acid, 
epecitic  gravity  1*010  the  E  M  F  is  i'i2i ;  at  I'Ojo  it  in  I'l)}; 
and  at  i'0)o  it  is  i'i4)-  Other  antaoriiios  nay  tliat  witli 
sulphate  of  rjnc  it  is  9^  jier  oent,  of  that  with  actd.    U.-j  uwi\ 
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experiments  indicate  that  there  is  not  muoh  difference  dua  to 
this  cause.  1  found  thpit  iu  Biich  duliciito  experiments  ^here  no 
real  working  cijrrent  ia  develi>]>ed,  whiit  is  meaeared  is  really 
static  potential  riitlier  than  EMF;  the  mere  mutiun  of  tlie  ' 
zinc  plate,  or  brushing  off  the  bubbles  of  hydrogen  wontd  make 
an  instant  change  of  }  per  cent,  and  that  therefore  this  action 
uloue.  if  tuiknnwn  (aun  1  have  never  seen  it  notiQed},  wonld.^ 
viliatu  many  obBervntioHH.  V 

211.  Dr.  Wright  stotee  "it  vfiva  found  Ihat  but  littlfi 
difference  was  produt'ed  by  using  pure,  commeroiftl  or  am&l- 

faraateil  zinc,  or  eiuc  eoat«d  with  a  film  of  copper."  TUa  ia 
ifli.-reat  from  the  reoeived  opinions,  and  fiv.ai  my  own  experi- 
ctire,  I  find  that  amalgamated  Kino  has  the  higher  force  by 
about  -oi,  HB  compared  with  new  shoet-zinc,  and  wore  aa 
ttguiust  corroded  zinc,  and  that  the  E  M  P  of  any  «ino  plate  is 
always  inrreosed  by  cleaning  off  the  residuary  impurities,  and 
runewing  the  amalgamation. 

The  effect  of  copper  deposit  on  the  zinc  ib  very  raftrkod,  and 
muy  be  oiutily  tested  ;  if  the  i^inc  plate  be  touched  with  ii  copper 
u-iro  the  force  falls  '0{.  Tiiis  is  not.  as  isometimes  Hiiid,  an 
effect  of  eonlacl  lowering  the  potential ;  it  is  a  direct  chemical 
action;  thoiu  was  already  a  copper  contact  in  the  wire  con- 
ductor aoUlerud  to  the  zinc;  iu  fact,  merely  touching  with 
copper  out  of  the  liquid  pruduccH  no  i-llbct;  the  oo])per  must  be 
under  the  liquid  so  that  it  sets  up  a  local  action.  I  found  that 
by  addiui;  copper  sulphate  to  ttie  zinc  solution,  to  throw  down 
copper  on  the  unc  plate,  the  force  fell  -oj,  and  then  touching' 
with  co|>per  produood  no  effect.  It  is  evident  theroforo,  thai 
where  a  eonprtaiit  E  M  F  is  desired,  the  zino  plate  used  should 
not  bo  fiee  from  copper.  But  all  loose  deiHtiita  of  copper  shoald 
bo  removed  at  iiitDrvals. 

212.  Variation  of  fEmjieratiire  aj}ed$  the  EMF. — ileat  raises 
the  force;  it  does  so  by  affecting  the  solubilities  of  tbo  twa 
salts,  and  supplying  externally  the  energy  absorbed  in  solution^ 
I  find  that  between  j2°  Fahr.  and  |;a°  there  is  a  difference  of 
volt  -OI  and  between  50°  and  60°  also  01,  and  between  50'  and 
too"  about  -025. 

11}.  These  experiments  were  carried  out  by  means  of  oella 
conaiHting  of  (j-tnlies;  the  bends  of  whielt  contained  sand 
mixed  with  oxide  of  zinc,  to  prevent  passiigc  itf  the  copper  salt. 
[  found  thcHo  remained  in  perfect  action  for  a  week  without  a 
trace  of  copjier  parsing;  the  tul>e8  were  moiiuted  in  stands 
with  mercury  cups,  und  the  plates  of  metal  had  wiiea  attached, 
so  that  they  dropiH^d  into  the  cujis  as  the  plut«a  woe  inserted 
iu  tbo  tubes,  and  could  be  readily  exchanged.     Of  course  thp 
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object  in  Buoh  experiments  is  to  iaolato  each  tuition  imA  obtAtn 
thoorotioAl  perfection  at  tho  tnomont,  in  order  to  asccrtnia 
whoncD  como  the  d«rocts  which  ariso  in  moro  practicftl 
operations. 

314.  It  is  j^nernlly  coiwi<lor«d  that  tho  Dani(>tt  is  not  subjoct 
to  "  polnriisatiDn " ;  that  is  to  say,  that  its  I]  M  F  is  oonetant 
whatever  the  extonial  renctaoco  may  bo :  this  is  not  oxaotly 
the  tase;  it  is  afloctod  by  the  "density  of  curi-ent"  dorivod 
from  it.  According  to  Dr.  Wright  n  surfaoo  of  135  sq.  cooti- 
metros  (19*5  eq.  incti)  will  mnintHin  its  £M  F  up  to  a  current 
of  amporo  "oot",  and  will  lose  i  per  cent,  if  called  on  to  pro- 
dtico  '006  and  as  much  as  to  per  cent,  if  worked  to  oinpi^ro 
0-4.  1'hoso  tigiircs  are,  howovur,  entirely  special,  appljnng  to  a 
particular  con « traction.  The  oanscatwort  isvcryelonr;  it  iSi 
that  th«  citrront  developed  must  be  proportioned  to  tho  supply 
of  copper  salt  presented  to  the  copper  plate :  if  tho  solution  is 
not  strong  enough  to  meet  tho  demand,  wo  have  copper,  not  in 
copper  salt,  but  in  sulphuric  acid,  bocauso  tho  copper  has  beco 
removed  from  tho  molecules  adjoining  the  plates :  this  can  only 
bo  corrected  by  tho  procoas  of  difftuion. 

315.  The  Danicll  Cell  has  been  Mly  examined  bccauso  of  its 
importance,  both  practical  and  theoretical,  and  it  only  remains 
now  to  show  tho  cost  of  its  working.  In  this  instance,  this  is 
shown  iu  full  detail,  aud  will  servo  to  show  how  the  cost  of  the 
other  forms  has  been  arrived  at  iu  Table  Vi. 

The  Jocal  action  will  depend  on  tho  quality  of  tie  porous 
vessel,  rate  of  working,  Ac,  but  we  may  allow  j  per  cent.  Wo 
havo  then  per  unit,  by  Table  V. : — 

LiiK'  34  Ziuc  unamulgaiuate*!     , '^195 

„      9  Copper  sulphate    ..      '0900 

Local  action '^^5$ 

•1150 
Leas  S.Copperredooed      -ojefi 

of  a  penny  ,.     'OJB4 

This  nssninos  that  sine  sulphate  is  used  in  the  dnc  coll  and 
ocwta  nothing,  it  being  a  product  of  tho  working.  The  reduced 
ooppor  ia  taken  at  the  oommon  Tnluo,  but  if  it  is  deposited  in 

iiBofiil  forms  till-  nctual  cost  of  the  cell  will  bo  reduced  to  nolhing 
in  many  uises,  aud  it  is  so  worked  in  some  factories,  where  large 
Culls  ure  80  arrauged  that  the  copper  plates  are  Qb^vi^:^ 'tisnKt.-rm.i^t 
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deposit,  euoh  as  Btoreotype  blocks,  while  current  is  led  from  Utom 
to  other  work. 

2i6.  The  Geavitt  Battekt  in  a  Daiiiell  without  a  jHirniiK  coll, 
ill  which  the  cupper  solution  is  kc^it  from  tlio  Kiiii.' only  hy  its 
greater  specific  gravity  but  gradually  reachcb  it.  Thvro  kto 
many  forme,  but  it  was  first  propoBt'd  by  Mr.  Vai-ley. 

In  Calliiid't.  ust^d  in  Amoiicau  telegraphy,  the  buttoiiiof  the  jar 
JH  covered  withashoet  of  copper  fitted  with  a  wiru  iH>udu«tor, 
u|.i"n  this  is  hid  a  iitratum  of  crystals  of  copjier  Hi)lpliak\  wbioh 
ithniild  Ik)  large  if  a  small  curreut  is  waatod,  small  when  tnouh 
wcrk  is  to  be  doue ;  the  xlnc  plaio  is  suspended  aliovu  and  the 
jnr  char|;ed  with  water,  or  a  weak  solution  of  auljthatv  uf  zinc ; 
it  must  of  course  be  placed  where  not  subject  to  vibratiou. 

Large  cells  of  this  kind  hare  answered  well,  where  large  iiBd 
cotulanl  cunvnts  are  needed. 

It  is  ndvaDlagcous  to  enclose  the  Kinc  in  an  envelope  of  porot- 
meat  paper  or  close  cloth,  and  also  to  cost  it  in  a  conical  form  to 
Itllow  any  gas  to  escape.  The  crystals  should  also  be  eomewlwl 
miood  above  the  copper,  in  a  tray  with  a  bottom  full  of  hole*, 
nude  of  horse  hair  clutli,  uid  coveri'd  with  a  xiniilar  matoiial. 

S17.  Central  nMrvoir*  of  cr^vifa/*.^  In  stead  of  n  ^tiatum  of 
copper  sulphate  un  the  liottoin,  n.  tubu  or  funnel  tuny  occupy  the 
middle  of  tlie  veiist>l  and  contain  a  i>upply  of  cirstats.  while  the 
aino  ia  a  rin);  around  iLe  tube.  In  home  cases  the  bottom  of  tha 
tube  ia  olosed  with  a  cork  containing  a  gluts  tube  of  Riich  aizo  aa 
to  limit  the  outflow  of  the  Hatiiruted  cujiper  solution  :  and  it  is 
preferuble  to  add  another  lient  labe  rising  inside  lo  the  crystals, 
•Dd  oDtaide  to  nearly  tliu  surface,  so  a»  to  act  as  an  inverted 
aipllDn  and  draw  off  the  upper  part  of  the  solution. 

The  most  tatitifactury  arrangement  I  have  been  able  tn  devise 
after  many  trialit  is  one  of  this  chaiucter  in  which  the  opening  of 
the  outflow  tube  is  fitted  with  a  plate  of  soft  india-rubber  whiofa 
can  be  preiuied  up  to  and  cloite  it  when  the  battery  U  not  wanted 
for  action :  it  is  desirable  also  to  close  its  circuit  through  a  con- 
siderable reaistauoe  at  auofa  times,  ao  as  gradually  to  use  up  thfta 
oomwr  solution.  ~l 

The  Meidingfr  cell  is  on  tbe  same  principle  -,  tlie  retorvoir  of ^ 
crystals  is  it  thisk.  the  neck  of  which  repluces  I  lie  tube  just 
duacribod  ;  being  closed  from  atmospheric  preesnro,  the  supply  of 
solution  in  very  gradual,  like  the  bird  fountain.  All  of  these 
work  beat  for  a  gradual  demand,  but  do  not  answer  well,  if  left 
out  of  action  for  some  time:,  and  then  called  on  to  supply  large 
curreut. 

ai8.  I'ho  MinMo  has  liecn  much  lauded;  it  consists  of  a  jar, 
at  the  bottom  of  which  is  a  cupper  plate,  fitted   with  a  wire, 
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ooveniil  with  on  inch  of  cnisIiMl  inilphat«  of  copper,  and  k 
layer  of  itilvor  Kami  which  ie  to  a«t  ua  tho  poroutt  division. 
Sonit!  HMO  KawduHt  iiutimil  of  sand,  ottieni  piijier  pulp,  or  felt; 
Uiuy  arc  utwfii)  when;  grout  internal  r«i«ii(ttinoa  is  not  ku 
objeotion  hilt  th<;  cotijivr  int^vitftbly  fiudn  its  ivay  to  tho  rioc. 
A  layerof  oxidoof  Kuioou  tho  ti>i),  with  tho  zinopUtelaid  on  it, 
!•  thio  heat  protcotioD  ngninst  this. 

iiQ.  Causlie  tnd/i  wiw  used  by  Bugnit^r,  iiistund  of  acid  in  a 
Daiiiell :  ho  iineit  a  fipociid  pcinms  jar  made  nf  purchinunt  paper : 
for  slow  work  agninet  lurgu  rveiDtttiicu  it  might  1>o  nsofiil,  as  the 
porenof  tho  porous  jar  fill  with  u  hyilrated  satt  of  coppor  which, 
whilo  ri^ieting  cndoeiiiose,  pc-rmiu  of  olec truly itiii. 

J  JO  Sui.PtiA'rE  i>^  Mmicuiiv. — Thi«  wan  intnxluood  by  Marie- 
DaTy,  ohiofly  for  producing  small  intvruiitloutcurreDtBof  grutt 
EStF  (■.;'  voU«).  HiH  cell  in  a  ziiio  and  carbon  pair,  tho 
latter  of  which  extends  to  Uiu  bottom  of  the  veatel  and  dips 
into  a  ma>B  of  tho  aiilphate.  Tho  vetiael  is  tlten  chargnl  with 
w&ter,  which  dieeolvea  a  smidl  portion  of  the  aalt  alowly,  and 
this  matftiDB  tho  action,  the  acid  i-udiciU  ftciing  on  the  zinc,  tho 
meronry  dt-positiiig  un  tho  carbon,  from  wbioh  it  falls  and 
ooUeots  as  uielal  at  the  hottoni.  The  action  can,  there forv.  only 
b«  sustained  at  tho  slow  rale  at  which  the  sal  t  enlvra  into  solution. 
It  ban  gono  out  of  use  lN!i:ause  the  uiant;aikeHe  cellti  answttr  tho 
pravtioal  purjioses  to  whidi  it  is  adaploil,  and  tho  ohlorido  of 
silver  is  hl-tter  for  eciontifio  uses. 

311.  Sanschie(v's  Ratikkv. — This  ia  a  rein  trod  nction  of  tho 
Uoriv-Davy,  mitdo  moru  practical  by  thi>  uitc  of  a  more  freely 
■olnblvwulphatii  of  moruury  enabling  much  larger  curr«nts  to 
bo  produced,  witli  a  small  interoal  rosistance.  Of  courso  tlio 
aolution  oan  be  used  iu  any  oonTeoietit  form  of  apporatna,  thoao 
deaigned  by  Mr.  Sanschidf,  having  their  details  well  wurkc<l 
out. 

The  solution  is  prepared  by  adding  ]  parts  by  weight  of 
water  to  i  part  of  basic  sulphate  of  mercury,  and  adding  strong 
Bulphorio  acid  drop  by  drop,  till  the  sulphate  dissolvea  and  a 
&esh  precipitation  coninienceB. 

333.  Glare's  Mbboubv  OtLL. — This  was  devised  by  Mr. 
Latimer  Clark,  not  as  a  working  cell,  but  oa  a  standard  of 
elootromotive  force,  to  compare  with  othor  cells  by  meana  of 
oondoneers  or  electzusoopes,  it  having  a  constant  electromotive 
foioe,  which  the  most  reoent  deteimi nations  give  as  volt  i  '4)46 
at  1 5°  C.  It  consists  of  a  layer  of  pure  mercury  aa  the  ucga- 
tivo  plate,  oonnccted  by  weana  of  a  platinum  wire  in  a  glaaa 
lube.  On  this  is  laid  a  paate  of  merourous  guljihate,  which 
haa  hoeu  boiled  iu  a  thoroughly  aatuiat^  aolutiou  u£  libi^ 
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sulphate ;  the  positive  element  is  a  plato  uf  pure  kiho  routing  on 
UtQ  paste.  MercurouB  ttiilpbAte,  HgjSOj,  can  be  raudo  by 
heftting  I  part  of  morciirj  in  li  of  oil  of  vitri't!.  taking  care 
that  the  heat  does  not  rise  to  the  boiling-point,  whJuh  would 
prodnoe  mercnric  anlphate  HgSO,.  The  mass  in  to  bo  washed 
with  cold  wnter  as  long  hb  an  udd  reaction  is  idiown.  If  any 
meronrio  sulphate  is  preeeut,  a  yellow  colour  will  bo  prodpoed, 
knd  the  snlmtance  shoitld  bo  ri»jccted.  In  litting  up  the  cell,  it 
nhcmld  be  warmed  with  thu  roeroiiry  in  it,  and  the  paste  inserted 
afler  boiling  to  expel  air.  The  zino  is  then  ptaoed  in  it,  and 
melted  paraffin  poured  on  to  excludu  air.  A  cell  intended  to 
iwrve  as  a  etandanl  of  E  Itl  F  should  never  be  allowed  to  pasa  « 
current  i  with  this  precaution  it  will  be  fairly  o<>nstant.  Heat 
docroaso!)  tho  E  MF  about  -06  per  cent.  ])er  degree  Cent,  fwr 
aliont  :o"  aljove  or  below  ij"  C.  Below  this  and  towards 
o"  C.  the  E  M  F  increasee  'oS  per  degree. 

33J.  CiiLijKiUE  OF  StLVKR  Cf.ll. — This  ia  a  wire  or  plat«  of 
Hilver,  u|H>n  which  dilo ride  of  silver  has  been  melted  as  a  coating 
of  "  horn  silver,"  in  a  solution  of  zinc  chloride,  and  is  muuh 
UBod  to  work  tjiuull  pocket  coiU  for  niedioal  purpuBes. 

The  freshly-dried  chloride  of  eilver  can  be  Aised  over  a  RW- 
burner  in  a  porcelain  dish  ur  crucible,  and  the  silver  dipped  into 
it ;  after  receiving  a  film,  it  is  removed  to  cool  and  re-dij>pwl 
till  a  sufficient  cc-ating  has  adhered.  This  is  usually 
wrapped  in  blotting-jmper  and  a  ziuo  plate  pressed  aguiunt 
each  side.  Tho  plattis  are  often  attached  to  a  eaji,  which  serewa 
on  tho  top  of  an  ebonite  case.  Tliey  are  to  be  tlipped  occasion- 
ally in  a  weak  solution  of  chloride  of  zinc. 

The  chloride  may  also  be  used  as  a  powder,  iu  the  same  wa^  ■■ 
the  sulphate  ol  mercury  in  the  Uorie-Davy,  or  it  may  be  mixod 
with  powdered  graphite,  and  used  iu  a  poroos  cell  with  a  pinto 
uf  carbon. 

The  reaction  is  reversible  and  might  be  used  in  a  aeoondkty 
battery  ;  but,  aa  in  many  cases  of  eleolrulyiiia  of  chloridoo,  a 
considerable  (|iiautity  of  oxyohloride  ia  produced,  which  i§  not 
n«d)ly  reduced  again. 

12^.  De  La  Bue's  cells  are  oomposud  of  a  cylinder  of  chloride 
ii  inches  long  and  j  of  an  inch  thick,  oast  njion  a  flattened 
Bllver  wire,  and  wrapped  in  a  tube  of  parchment  paper.  Tho 
wire  piisnoB  through  u  stopi>cr  of  jiaruffia  wax  (which  also  carries 
a  Bmall  rino  rod)  inserted  in  a  test-tube  1  inch  in  diameter  and 
5^  incheK  long  :  the  solution  is  ammonium  chloride  2oo  graina 
to  the  pint  of  water.  The  E  M  F  is  i  055  volts,  and  tlio 
reaialanoe  3  to  4  ohms,  increasing  as  oxychloride  forms  on  tho 
ziDO  sometime^  to  jo  or  40  otuns.    This  deposit  can  be  removed 
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hy  (lippintt  in  ililiitt;  li.vdnichlurtc  ndil.  The  oolll  arL*  mounted 
in  raokH  liku  t«8t-tu1xi  Htuudu,  unit  Ur.  Warren  de  lii  Rue  haA 
n  colltti.'tiiin  »r  14,400  hucIi  Oflle.  witli  wliioh  be  {>erfi>ruicd  many 
intomliiij;  [■x|iurimt>iit(iat  the  Kuyul  luHtitiitlon. 

215.  Sutphale  of  lead  haa  (iftuu  lieeu  utied  ui  1)att«ri«s.  Hnd 
a  patent  wiw  tukou  uut  fur  iiHtug  it  in  a  ouries  nf  cupii  of  oop]N)r 
fixed  OR  a  (!<>p[)tir  nxl.  But  the  eWtruniolive  force  i*  luw, 
thougli  fairly  ouuHtnnt,  and  tbo  cout  -  i7}S  of  a  iwuny,  Hiibjeot 
til  Htiv  rcsiduan-  value.  It  can  be  UHod  wiili  aulpUato  of  zino 
solntiiin,  or  witli  oommon  xalt,  wbioli,  buwover,  oarHtiH  load  to 
tha  xiac  p1at«,  aud  uuderjtovH  a  ourious  reuotion.  by  wbiofa 
todium  appeure  to  react  ii{ion  jiarL  of  tbe  Itsad  sulpbata  and 
gcnt-rate  a  anlpUide,  wbiuh  ultimately  give*  off  sulphuretted 
hydrogen. 

iz6.  The  ti«xt  great  olafia  of  ^eoerators  ooii&ista  of  thoao  in 
which  oxygeu  ur  (chlorine  are  present  at  the  negative  plate  in 
Hoini!  I'usily  diaturbiid  atate  ^^f  ouiubinatiou.  Of  tfaeae,  such  aub- 
ntftucM  as  chloride  of  lime,  permanganate  of  potash.  chloiatL' of 
potash,  Ac,  have  been  utied,  but  comtideratioua  of  economy  and 
iMtiveuienoe  render  nilrio  and  ohroinio  aoids  the  tmiet  uiioful, 
and  but  fur  the  fumes  given  off,  which  are  injuriouB  to  health 
and  summndiug  aubiiiauoes,  nitrio  acid  would  be  far  tho 
beat 

Nitrioncdd  butturiea  are  known  as  Grove't  and  as  Jiunten'i, 
riatiuiim  is  iiHed  in  tlie  (irove  and  oarbon  in  the  Bonseo. 
Fonn  and  coniitruDtioii  are  greatly  varied. 

227.  ^i(ri'c  ilriVi.~Thi(t  in  a  solution  of  the  true  awd  IINOj 
and  varies  greatly  iu  rstrsngtb.  The  following  table  shows  the 
value  of  the  moat  important  strengtlui : — 

STBEJiaTH  OF  NlTBlC  AoiP. 


8pMa»aniuy 

fIXO,. 

4lDn>  In  iMil 
UqgldfldlM. 

, 

I'52t0 

100" 

III'Il 

SI-4 

3 

f4(i8 

77*777 

8«-4] 

17-90 

t*4)00 

;o'ooo 

77-78 

IS-J8 

J 

1*4000 

66- 

W 

«4'49 

"■»« 

64Mtfi 

Ji'iB 

14-19 

"■J7)» 

6o'4J7 

6JMJ 

tj-lj 

l'i46* 

J9'afii 

■4  J '46 

7- JO 

t'24«J 

18-111 

4S-J6 

J'*t 

I,  is  the  theoretical  aoid,  formerly  ealled  tha  v»l  VvsixvAft. 


190  oiLTjunc  urrmiES.  fa 

3,isi  HNO  +  i  11,0,  fonnerlv  callod  tlo  and  hydrato. 

1,  is  a  HNO]  +  J  iliO.  Thifl  Jistilif  tmchftngod  ut  ;i4S<'  Fahr.,  J 
ana  18  the  tttrcngtn  to  which  boiling  brings  both  Gtrongor  andJ 
weaker  acids. 

4,  ia  an  ordinary  commercial  strongth, 

6,  iM  double  aquafortis. 

8,  is  sitigle  aqnafortis. 

An  impure  fuming  acid  is  ohtainnblo  which  cannot  bo  va 
by  sp.  gr..  as  it  contains  sulphuric  ncid  and  other  snbstftDOM^ 
but  aervea  for  battery  use.     The  bebt  tc«t  for  this  purpose  is! 
B  email  Grove's  cell,  into  which  a  mctieurod  quantity  can  ba 
placed,  so  that  the  current  it  gonoratcs  on  a  known  ^alvanome*  i 
ler,  and  the  time  it  will  maintain  it,  can  bo  obflorrod,  | 

aiB.  The  rtaetion  which  occurs  is  vorv  complicated,  and  TariaB 
&t  difierent  sta^a  of  the  action.  HNOj  may  lose  one  atom  of 
oxygen,  becoming  HNO(  nitrous  acid,  under  two  units  of  aetfou 
whiob  provide  11,  to  form  11,0  water  :  bat  one  atom  of  hydrogen 
ia  equally  able  to  take  up  one  of  oxygen  together  with  Uto 
hydrogen  of  the  acid  ;  thus  HNOj  +  H  bocomos  II^O  +  NO^ 
or,  thcs  Name  reaction  Inking  plao^  with  the  rogiilno(intTotieAO(I) 
of  the  finrt  caeo,  IINO^  +  il  become*  ll.j  +  NO.  Tart  of  the 
acid  is  orea  totiilly  deoxidized  and  oonvcrtod  into  ammonia 
which  unites  with  the  acid,  and  may  then  ho  reduced  to  nitrite. 
In  each  of  those  cases  the,  work  dono  electrically  by  one  atom 
of  acid  would  bo  different ;  and  for  this  reason  tho  electromotive 
force  falls  off  a«  the  action  proceeds.  When  cells  aro  ui»cd  for 
producing  large  currents,  the  reaction  which  occurs  is  conliued 
to  the  givingupof  one  equivalent  of  ox  vgeu  to  one  of  hydrogon; 
tltis  reaction,  which  must  be,consider«a  the  normal  one  to  which 
the  B  M  F  of  1*8  volt  corresponds,  continues  as  long  as  the 
strength  of  the  acid  is  over  sp.  gr.  i '  26,  but  from  that  point  tho 
E  U  F  lowers,  and  on  the  other  hand  more  economical  reactions 
take  place.  It  is  evident,  then.  tJiat  the  action  ought  to  bo 
oonaidered  from  those  distinct  points  of  view. 

339.  When  the  battery  is  working  for  great  foroe  and  current, 
the  acid  ahonld  not  be  reduced  below  sp.  gr.  1-2^6,  Hao  7  of 
the  table,  and.  therefore,  the  working  power  of  the  acid  is  ntoJly 
"J  "~  4J  =  }°  units,  leaving  nearly  two-thirds  ae  much  behind 
uuueeil,  beaidoa  whatovei  oxygen  might  be  utilised  beyond  tho 
first  equivalent. 

This  aoid  is,  therefore,  availablo  for  further  use,  for  purjiosM 
in  which  ao  great  E  SI  F  and  suoh  steady  conBtaucy  are  not 
noceoeary  :  it  might  then  l>e  reducud  tu  sp.  gr.  t  - 16,  at  which 
strength  it  would  still  retain  about  2^  per  cent,  of  acid  ;  but  tho 
reactions  would  have  given  )  equivalcntA  of  oxygen  iu  place  of 
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1,  and  thorufaro,  the  work  of  Ike  pound  of  acid  would  ho-ji  — 

33  =  JO  X  J  =  IJOTlIlitS. 

Boaides  thu  cuiKiUiuplion  of  material  needed  for  thu  oiirrvnt, 
ihoro  ia  a  wti»te  fay  tndoamotJo  actious  of  from  6  to  lO  per 
cent. 

2}o.  Aqua  Rbqu  is  usod,  with  hydrochloric  acid  in  tho  sina 
cell,  NO  ua  to  make  ehloriue  the  active  ukoiiL  I  Iwltove  its 
introduotJan  was  due  to  U.  d'A.raotival,  aa  the  result  uf  a  soriea 
of  valuable  experlmenta  on  the  workins  of  batterlen ;  Init.  of 
ooiiDK',  it  haa  lou);  I>een  kuown  that  omoriue  and  tho  various 
similar  nubataucea  wliioh  will  unite  with  uaaoeut  hydrogen 
am  available  in  the  battery,  M.  d'Afjionval  rfcoumidndB  au 
(u^n  rA/i'u  Gompoaed  of  eqTial  vohiuieH  of  uitiio  acidsp.gr.  i-ij 
and  hydroehliino  noid  with  a  volumi-  of  water  eiiuaT to  the 
ftcidi".  The  objtitt  of  the  dilution  is  to  prevant  too  furming 
of  nilrouB  fumca,  but  it  is  obvious  that  iho  E  M  F  niuKt  l» 
lownr.  Tljuro  ia  also  an  advantage  in  u^ing  watur  contain- 
ing  I  in  20  of  its  bulk  of  IlnSO^  instead  of  simple  water. 

3)1.  Ui'Ward's  Chuikinb  KarTBEV. — Thia,  when  introduced 
in  1 866,  by  Uossrs.  Woodhouseand  Itawson,  promised  to  l>e  valu- 
able. Its  EM  F  is  constant  at  volt  3-1, and  there  iavurylittlu 
waate  of  sine.  The  chlorine,  generated  aa  needed,  goes  t<;  the 
oarl>on  plate,  and  taking  up  the  hydrogen  forms  hydrochlorio 
■cid  needed  to  act  on  the  «ino.  The  practical  duBoultiua  of 
dealing  witb  chlorine  probably  proved  too  great,  but  there  ia 
certuiiily  an  opening  hero  for  tcorkers. 

2)2.  Ohkomic  Acin  Cells. — The  add  itself  is  now  obUiinnblo 
so  cheaply  that  it  will  stiporsedo  the  various  salts  hitherto 
employed,  and  which  act  through  tho  chromic  acid  Ihoy 
contain  ;  but  it  may  bo  convenioot  to  oonimonco  with  the  luoro 
familiar  formit. 

Bichromata  of  potath  in  not  a  true  twofold  acid  aalt  like 
biflulphato  uf  pota»h,  but  coiinitfts  of  one  atom  of  ohromuto  of 
potastt  and  one  of  chromie  anhydndo,  E^CrOj.CrOj,  Its 
formula  is  geneniUy  written  as  Kjd,iGrO„  or  KiCtfi,,  making 
its  atomic  weight  on  the  new  notution  ^5*2- 

It  is  commonly  supposed  that  the  cSeot  of  tho  addition  of 
aulphuric  acid  is  to  convert  the  potassinm salt  iuto  chromic  acid 
and  sulphate  of  potash.  But  bo  the  preliminary  action  what 
it  may,  the  action  of  tho  battery  is  to  convert  the  salt  into  chrome 
alum.  The  usual  modem  formubs  disguise  this  action,  which 
ia  quite  intelligible  when  wo  regard  on  alum  as  a  combination 
of  a  seaqui-sulphatc  Mj"  jSO,  with  a  proto-sulphato  M',SOa 
«i-yatallizing  with  14  atoms  of  water.  The  tetratomio  metW^ 
uuitiu^j  two  atoms,  so  as  to  have  a  volencj   o4  &  \>tt\w\j,  fe^OcAsi 

It  1 


255 

59a 

S£7 

jZu 

+  jH„80.  = 

3ZntiO, 

'>5 

254 

48i 
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Aliimitiiiim,  irnn,  cliroinhini.  Sic,  while  tlio  monntomio  Iikw  ia 
URitnlly  {iotnt«iuni  or  aininoiiinni. 
zjj.  The  action  can  be  stated  as 

^i     48  jH,o. 

6 

That  is  to  say,  i  atom  gf  bichromale  of  potaeli  with  4  of 
milphurio  acid  givea  oxygon  equivalent  to  the  hyilrocen  ilonvod 
from  }  atoms  of  zinc  acting  on  j  of  Hulphurio  acid.  This  is 
(ujiiiil  lo  6  units  of  cnrrent,  and  makes  the  electric  eqiiiTaleiit  of 
the  potash  salt  under  these  conditions  about  50  grains,  which 
((uanlity  requires  CC  by  weight,  or  38  by  measure,  of  inilphiiric 
acid  tu  effect  its  own  decompoBition.  If  the  acid  to  act  on  tho 
*ino  ia  to  bo  provided  in  the  same  solutiou,  an  additionikl 
equivalent  is  needed,  making  tho  quantity  for  each  uuit  of  work 
1 1 5  gi-ftins  by  weight,  or  66  by  measure. 

334.  OwiM  to  the  insnlubility  of  the  Bftlt,  the  Bohition  ii 
woat(,  Hpint  bolng  only  ubiiut  25  units,  therefore  a  large  porotu 
cvW  must  be  used,  unless  the  zinc  ia  placoil  within.  The  usual 
dirrctions  for  preparing  the  solution  are  to  diNsolvo  3  oe.  of  tlie 
salt  in  a  pint  of  water  by  aid  of  heat ;  and  when  cjool  add  oae- 
twolfthit*  bulk,  or  1  oz.  of  sulphuric  acid  ;  l>ut  this  isorroneoua: 
it  only  supplies  the  first  4  equivalents  (if  acid,  and  though  givon 
for  singlo-c'^ll  bichroiualos,  is  onlj-  suitable  for  a  donble-ccll  in 
which  acid  is  utuvl  Ixjiiiden  t»  dissolve  the  zinc.  In  onler  to 
utilize  the  salt  oomplelely,  a  nearly  equal  quantity  of  acid  should 
bo  addod  when  the  action  l>eoumee  sluggish  ;  it  added  at  first 
it  causes  too  great  local  action,  and  this  is  always  very  great. 

The  electromotive  force  falls  ivpidly,  and  the  reeietanoa 
increased  with  this  solution  as  the  chromic  alum  forms;  this 
also  frequently  crystallizes  in  the  solution  and  upon  tho  carbon, 
flu  that  it  is  bad  economy  to  work  it  to  exhaustion.  The 
olisngo  of  colour  to  green  indicates  tlie  completion  of  tbe 
resotion. 

335.  Ht/drai^hUtric  add  used  instead  of  sulphuric  avuids  manjr 
of  thono  defects.  The  solution  can  be  jirepared  with  equal 
volumes  of  the  cold  saturated  solutiou  of  bichromate  of  potash 
and  of  hydnxjhiorio  acid.  As  the  reaolion  produces  n  neutral 
chloride  of  obromium  iutitead  of  sesqui-s  nip  hate,  the  equiva- 
l(^ntiR37-5  instead  of  50,  so  that  i  uiolucute  (295)  of  theealt, 
with  6  atoms  HC1  is  equal  to  the  production  of  8  units  of 
current,  requiring  a  further  8  atoms  (14  in  all)  of  acid  to 
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JJ8.] 

diteKilve  tlie  four  atoms  or  8  eqaivalouts  of  aao.    No  crystAli 
form  in  lliis  solution. 

2i6.  Vtntin'e  rtd  tall  in  oonvcuient  for  tiiuat«urs  who  wish  to 
avoid  the  trouble  «f  acids;  it  ooDteins  the  acid  in  tho  propor- 
tiou  of  tJio  formula  $2)).  It  i^ives  the  stime  KMF  as  tbo 
ordinftT}'  Bolutioii,  &nd  i>4  rather  more  coDBtiint,  but  produoos  n 
grvater  reeiBtaiice.  It  should  be  di«8olv«l  ao  to  i;  partH  to  thv 
lOO  of  wster:  that  is,  4  oz.  to  j  oz.  in  a  pint.    It  ooauuits  of 

NajSOj  +  7  H38O,  +  K,Cr,0, 

140  686  39; 

which  ifl  probobly  ulmnged  by  Uiu  action  into 

3  NaHSO.  +  3  KHSO4  4-  2  CrO.iSO,  +  7  wntor. 
made  bv  tlisAolvine  the  Htilphato  of  noda  in  the 


It  in  made  by  dissolving  the  Htilphato  of  noda  in  the  heated 
acid,  find  gradually  otirring  in  the  bichroinato ;  it  is  then  poured 
iiitu  motilds,  and  aftur  cooling,  removed  and  brokeu  up. 

3J7.  Sieitrvmate  of  toda  introduced  a  few  years  ago,  liiui 
nuuiy  advaiita^-H  ovor  the  p-ila»)i  salt.  lis  reactions  are  tbo 
■une,  but  the  soda  alnni  (if  fonnud)  doex  not  crystallizo.  Its 
^reat  superiority,  however,  is  iUi  much  graator  solubility.  It 
iliHsolveB  in  an  equal  weight  of  water,  and  the  solution  titkos 
half  its  bulk  of  snlphurio  acid.  As  this  solution  is  at  loost  4 
times  as  ooncentruted  as  that  of  ihe  po<n>ihH»]t  §  3 {4,  it  not  I'nly 
works  longer,  but  it  docs  not  lower  its  E  M  F.  Thii  will  bo 
QDdoi'stood  by  rcfnninoo  to  S  314  ;  tlto  samf  remark  applies  to 
chromic  acid  oolution  ;  in  fact,  tnoru  is  a  greut  runemblance  in 
the  working  of  theac  two  oxidants.  The  pure  acid  is  howevi-r 
pr(!f<.irablo  if  any  attempt  is  made  to  utiliu;  the  products  of 
working,  which  may  bo  done  by  throwing  down  tbo  ziuo  and 
aesqaioiide  of  ohroniinm  to  produce  paints;  in  tliiscaite  the  soda 
introduoes  trouble  as  it  is  very  difficult  to  gui  rid  of. 

336.  Chromic  acid  (more  correctly  chromic  anhydride)  is 
now  produced  by  Sullivan's  proocBs  at  a  cost  per  lb.  not 
greatly  in  excess  of  that  of  tho  bichromate  of  potash  :  the  acid 
as  sold  fur  l)attery  uses,  con  tainm  about  &j  percent.  C'r,0,,  which 
is  about  tho  same  as  tho  potash  salt,  but  tho  other  cwnstituont 
is  H3SO,  insload  of  potash,  tind  is  usoftil  instoad  of  noxious. 

Tlio  solution  is  made  wiih  1  lb.  in  1  pint  of  water,  and  7  fluid 
ouDocs  of  sulphuric  at'id,  and  the  rcwstanco  of  this  is  about  the 
same  as  thai  of  nitric  ociil  ;  its  working  strength  or  conoentra- 
tiou  is  firo  or  six  times  tlial  of  the  potash  solution,  with  the 
resulting  steadiness  of  E  M  P  and  currents  moutioued  S  2  \j. 
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The  action  amy  l)e  compared  with  that  of  the  potoah  salt 


201  294  iQi  54        48 

jZii   +  jHjSO,  =  jZu80,  -J-  6H 

191  JH  4'*!  ^ 


}H,0. 


The  actual  weight  needed  of  the  commeroial  article  would  be 
abuut  joo  iu  place  of  207.  hut  it  would  supply  100  of  the 
H,80„  f«)that  these  are  tho  figures  to  he  compared  with  the  395, 
or  practically  300,  of  bichromate  of  potash,  when  cotisidering 
the  relative  coeU. 

259.  Iu  Fig.  j6a  I  give  the  reaultsof  a  coropariBon  of  theee 
reugcnts:  I  used  a  ^wua  cell  oontaiuiug  with  the  carbon  ]>Iat6 
400  grains  of  tlie  Uquid  to  be  tested ;  the  «inc  plates  in  acid 
i-to;  the  couditions  alike  in  each  case,  and  tbe  external 
oirouit,  eoufiiating  of  a  tan|;ent  galvanometer  and  a  copper 
Toltameter  to  measure  the  total  work  done  by  each  reagent. 
Tbe  current  is  shown  in  the  curves,  which  convey  more 
complete  infonantion  than  pagoe  of  description. 


Fu.  86a. 


I 


y,  4oyr-a 


The  horizontal  line  is  time  of  working  in  hours,  and  the 
vertical  line  is  currents  in  tenths  of  amperes,  and  the  curves  of 
current  bring  out  the  relative  values  very  clearly.  The  rapid 
full  of  power  in  the  bichromate  of  potash  is  very  evident.  The 
oliromio  acid  and  bichromate  of  soda  run  each  other  very  closely, 
but  the  acid  docs  most  work,  Dut  the  nitric  acid  is  vastly 
superior  to  all  the  others. 
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^^   The  work  dono  ni  Kmporc-li<>ura  wiw 

^^       Mitric  acid     i6- 

Soda  bichromate    ..       5' 

^m         Pataab  Ijichromato        1-7 

^m       Chromic  acid         ^-4 

^M        Bottoue'H  sohition ,.  9* 

^^    J40.  It  way  be  nsefnl  to  giyo  the  relative  resistancee  of  the 
various  liquids,  which  I  measured  io  the  iDfltnimeut  deacribed 
H|ii]  th«  diu|iter  on  Iteustance^ 
Hi  9p.  Or.        Rvtui. 

^M  I.  Sulphuric  aoid  i  vol.,  water  13  ..  i-oS;          Co 

^M    1.  Sulphuto  of  copper,  sat.  eol 1-173  C;€ 

^1    }.  Sftn)o.+  }  vol.  of  Uue  i      '''SJ  '9^' 

^^  4,  Potash  bioliromttfi,  sat.  sol i*03S  £98 

^H   5.  Bamei,  4- A  ^"'' ""'P^""^  ^>'^  "  I'ljo  70 

^B  6.  Soda  bichFomute,  »:it.  sol 1-433        >30 

^m    7.  $  1J7.    Same,  +  ^  vol.  eulphnrio  acid  1*553  80-4 

^^    8.  Chromic  aoid  1000,  water  1350  ..  ''J5}  A^'l 

^1    9.  S  2t^.    Same,  +  Hulphurio aoid  ..  1*454  57*9 

^■tcx  Nitric  aoid t')7J  5^*9 

^F  These  resistancos,  howover,  vary  soon  after  some  actiou  has 
^ne  on  iu  the  cell;  tho  oitric  acid,  in  particular,  lowers  its 
reilBtanco  greatly  as  it  becomes  saturated  with  the  Qitrons 
gasee  genera tM  by  the  actioD, 

341.  Botton^a  toltttion  oonsista  of  chromic  aarid  6  par>a,  water 
10,  chlorate  of  potash  J  part,  and  sulphuric  acid  i^  parts  by 
weight.  As  will  be  seen  in  Fig.  ^€(i,  tho  chlorate  of  potaoh  oon- 
nderably  increases  tho  Fj  M  F  and  the  working  c«pacity.  I 
think  this  is  due  partly  to  the  giving  off  of  a  little  gas ;  this 
however  has  itti  ubjeetionn,  aa  in  tbcoa«e  of  nitric  add. 

243.  Nilirie  aeid  mlh  bichromate  0/  jiotaih  has  been  highly 
sgiokiin  of  by  eotne  wrilei-x  aa  giving  a  conxtant  cnrront  and  no 
fiiniuH.  It  is  truu  tliat  the  comatancy  of  the  curront  is  improved, 
but  after  u  littlo  timi^  the  ftames  are  given  off;  tho  maction  is 
mmply  thu  reoxidation  by  the  biohromate  of  the  rodnoed  nitrie 
aoid.  The  Holution  recommended  ie  a  aatnrated  solntion  of 
bichromate  in  nitric  acid,  with  one-tliird  vulnmo  of  snlphtiric 
acid  aildfi],  and  jimt  enough  water  te  dissolve  any  obromio  aoid 
prn<;ipitnt<)d. 

Bnt  nil-.  J.  W.  Swan,  who  in  a  good  authority,  says  that  the 
addition  to  cJirwinV  arid  <i\'  nmj-ttiird  ita  weight  of  nitric  acid 
givoti  a  gri'it  imiimvcnient  in  (.■(inotancy  without  prodnoing 
fume*.    Thia  wontd  bo  due  to  tlie  giving  off  gas,  whica  teoAAvn^ 
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iu  Hulutiuii  and  U  reoxidiEed  by  the  ohromio  aoid.  He  aUo 
statCH  th»  aomewhat  curiouti  fact  that  lliia  Holutiou,  while 
working  woU  with  a  carbuu  pUte,  faila  with  a  (ilaUmiru  on& 

J4J.  AtkaUne  nitrate*  have  been  pmj>oBed  iu  )jlaoo  of  nitric 
aoid ;  in  fact,  ihi-y  uiu  ibo  baaifi  of  Buveitil  of  llie  later  |]»kiDt«d 
batterit^  uf  which  one  hear§  very  wonderful  acooiiiite  aud  hi);hly 
Hiicceasful  iuatallatiuoa,  but  which  booo  dceoeud  to  an  oarly 
grave,  especiftllv  if  a  company  is  formed  to  work  thorn.  When 
u  aulution  of  theec  nitratea  i§  loixcd  with  eulphuriu  acid,  a 
ToactioH  takcii  place  by  which  the  base  ia  divided  lictwcon  tho 
two  aoide  in  ratioH  dopending  on  the  relative  proportions 
prcgcut ;  hence  results  a  §olution  containing  a  pro|iortion  of 
free  oitric  acid  which  acts  in  tho  usual  manner,  whilu  tho 
remaining  nitric  acid  is  only  set  free  M  the  action  of  tho 
bfttteiy  priwoeds.  Nitrat<t  of  soda  is  boBt  ;  it  is  chcajHT  by 
tho  pound,  ittt  equivalent  is  lower,  and  therefore  tho  pound 
docs  more  work,  and  it  is  very  much  more  (ioluble,  and  therL-forw 
a  much  in'iro  activp  solution  is  obtained.  It  is  noi,  bowovi-r, 
»jnt'r»lly  kntiwn  that  wntcr,  when  fully  Butiirnti'il  with  one  of 
these  salts,  will  stUl  diHeidve  nearly  m  much  of  tlio  other  ita 
though  it  wiTB  jmre  water,  and  thus  the  ulix-iigettt  dilution  ia 
made  by  diaaulviug  hulb  the  suits  together.  With  nitrate  of 
soda  at  2d.  per  lb.,  the  criat  of  the  atonj  of  nitric  aoid  obtained 
from  it  in  the  cell  i«  ■o-\',6,  ugaiunt  •  iog6  of  the  aiid.  But 
saoh  solutions  have  a  vastly  groatir  rL-»ifttance  than  the  simple 
acids,  and  are  not  fit  for  generating  energetic  uuhvuta.  They 
also  give  a  much  lower  E  M  F. 

344.  Any  tulietance  conlatninij  fxyjen  or  clilurine  in  urulable 
fombinalltm  may.  iu  fact,  be  used  at  the  negative  plate,  and 
inventors  and  patentees  are  fond  of  giving  their  name  to 
and  claiming  the  use  of  these  (see  §  203),  Thus,  solutions  of 
chlorate  or  pemiaugauate  of  putash,  chloride  of  lime,  and 
many  other  substuuceB  ai'e  uvuilabtt,  and  may  be  useful  under 
somo  cirouiiiBtance>t,  as  to  which  see  also  i^  fj^-6. 

14^.  ISatterij  ainttrnetimi — It  is  waste  of  time  to  daecribo 
m4i«  variations  of  shape  ami  arruiiiicmi'nt :  1  prefer  to  explain 
the  princijdes  which  enn  Ik.'  udapti'd  to  any  case.  Thus,  wo  nave 
two  nam^s  for  nitric  aoid  cells:  the  Orove  has  platinum  for  its 
negative  plate,  whili-^  carbon  is  used  in  the  Itunseni  and  we 
uro  practically  limited  to  these  two  substances. 

/r«n,  whether  wrought  ur  cant,  though  often  praised,  and  need 
long,  a^ii  in  tho  Callan  or  Maynooth  liattcrics,  is  a  mero 
auu()vanoo :  it  assumes  what  has  been  called  the  pat»ive  ttattt 
io  wnich  ntning  nitric  acid  baa  no  action  on  it.  This  stale 
conaistd  in  tliu  fprmation  of  a  film  of  iron  oxide,  insoluble  in  the 
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■trong  acid.  When  tlie  acM  woakena  the  proteotion  f&ils,  tha 
iron  is  aot«d  on,  and  the  aoiti  boiU  over,  ita  B  Al  F  is  mucli 
lower  than  that  of  oarbon. 

Aluminitim  has  been  sugf^eated.  as  not  acted  on  by  nitric  acid ; 
a  doubtful  atat«nit.'nt :  its  K  M  F  is  lower  than  that  of  carbon, 
and  this  means  whsIa  of  acid  and  KJno. 

^46.  I'LiTiXDM.— Tliia  is  by  far  the  best,  oicopt  for  ita  first 
cost,  acainat  whioh  muat  be  set  the  fact  that  after  prolonged 
luio  it  has  two-thirds  its  firat  value,  and  is  not  diminished  in 
Quantity.  As  a  rule  platinum  ia  used  too  thin,  which  has  the 
donblo  dofect  of  liability  to  injury  and  of  producing  nwistaacOi 
OS  the  metal  i»  low  in  oonductiTity. 

A  modification  of  the  old  Sheffield  plating  might  ^rovo 
valuable :  a  slab  of  copper  tinned  and  covered  with  tilatinum 
•hoot  suldcred  to  the  copper  and  then  rolled  ilnwn,  wtmld  give  u 
plato  witli  thv  oondnctivily  of  cop[<or  iind  yc^t  tlio  E  M  F  and 
onduranki)  of  platinniu.  If  deposited  metal  wcru  not  porous  an 
4)xc«Uunt  iiXuUi  tiiight  lie  produced  friiin  it  in  tliU  uianuer. 

Sttr/aoe  0/  plate  in  (if  gre-at  impurtanco,  mid  it  in  well  to  corru- 
gate  the  pfatiiiuia  vertimllv.  both  to  itiereiuu  tl]L>  Hurfooo  and 
to  giva  rigidity  to  tbe  ui^tal :  and  it  is  alao  au  improvement  to 
deposit  very  slowly  a  ouatiug  nf  tryntallitio  (ilatiDiini. 

147.  C'AKBOK.^This  is,  eleutnoiilly,  aa  K>J<>d  ait  platinum  ;  in 
fad,  it  has  a  aliglitly  higher  £  M  V.  The  ol>jeolions  to  it  arc 
its  briltlnneas,  it8  (•_<udeucy  to  hoak  up  the  liquid,  the  dilKculty 
of  making  a  good  connection  to  it,  and  the  risk  of  eating  away 
the  metiiiooti tacts  and  forming  some  non-conducing  siibstiinco 
at  the  ianctlon.  Carbon  has  aovonil  allotropic  forms,  aa  tlie 
diamond,  charcoal,  and  gmphitc  or  plumliago.  The  Uuit  is  iisod 
for  batteries  in  it«  form  of  gaM-cArbon.  This  is  not  coke  ;  coke 
ia  the  ^ol>d  rcaiduo  loft  after  dixtilling  coal ;  the  graphite  cornea 
from  the  f^iw,  the  rich  hydroiuirbonti  of  which  aro  deeom posed  by 
oontact  with  the  hmti>d  retort,  on  which  they  fonu  a  nhell ;  in 
th«  gBK-works  it  in  called  "  wmrfing."  Tho  donmat  and  hardLiit 
ia  the  bent  fur  uloolrical  nae;  it  should  bcnlmoat  nun-abnuriietit, 
utd  ring  like  a  mctui  when  struck,  und  liavu  a  eluur  grey  colour, 
not  bla<;k.  Thv  lx«t  mode  of  uutting  curbon  ia  that  employed 
by  Ktouc-cutten,  by  means  of  a  pieoe  of  iron,  shar]!  silver  sand, 
and  wator;  importnnt  elements  <if  the  prooi,!)iK  ure  tiiiie  und 
labour,  fur  the  material,  if  good,  ia  very  hnnl  to  work,  and  thin 
ia  iht'  chief  clement  in  the  cost. 

34S.  AiiTiKiciAi.  Ca II DOM B.— Plates  or  block*  may  be  made  of 

Sowitered  graphite  mixed  with  cual-tur  or  utrong  rioe  pMte, 
ri1.1l,  pai^](t->I  in  powder^Ml  carlioii  in  a  ol«Md  veastii  and  healed 
to  olear  red  for  some  time.     When  cool  they  shoald  be  auakod. 
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in  Rtrong  ayrap,  agaiu  dried,  and  treated  as  before ;  this  prooeas 
must  be  repeated  iiulil  tlie  carlion  ia  perfixttly  denai)  and  strong. 
In  tills  way  are  made  oylindriinl  veieH-Ia.  led  somewhat  porous 
U>  holil  the  Boiii  and  act  tho  twofold  part  of  porous  jar  and 
negative  plate ;  many  of  the  plates  and  blooks  in  batteries  of 
French  make  are  tlius  iiimlf,  and  work  fairly  well,  but  under 
Boino  cheiivitial  r*agi>iils  ihi-y  liruak  tip. 

A  nea  quality  uf  tarhun  made  in  this  manner  i«  now  at  onr 
disposal  in  the  tliiu  tods  ('truo  carbon  wii-irH)  made  up  for  th6 
elc'-'tric  are  lights,  wluoli  are  also  usoful  fur  rusiHtauces :  Uuy 
are  valuable  for  batteries  because  of  their  density  and 
from  craokB,  aa  also  for  the  ease  with  which  they  can  be  arranj 
to  give  large  snrfaoc  in  small  sjiaoe.  Defective  rods  may  be 
cheap ;  the  tops  should  bo  coppered,  tinned,  and  soldered  to  a 
strip  of  copper  ;  or  they  may  be  roughened,  and  a  head  of  load 
cast  upon  a  nnmber  of  them.  They  should  then  be  carefully 
paraffined  to  resist  liquids. 

349.  CosNECTiNo  (.'iKBoNS. — This  is  the  great  diflculty ;  it  is 
commonly  done  by  fixing  a  clamp  on  the  end,  when  a  pieco  of 
platinum  ought  to  bo  intprposcd  between  tho  two  enrfaces.  A 
twtter  plan  is  ti*  'Ippimit  coppiT  on  the  iip{H-r  [uirt,  and  tJion 
solder  the  connection  to  it,  as  ttiJH  gives  oontinuous  circuit;  tha 
ooppor  tiikos  on  it  just  iis  it  would  «n  a  metnL  There  is  ono 
druwbitck  to  this,  tho  same  in  faut  which  requires  the  platinum 
interposed  in  the  first  plan;  the  acid  both  creeps  up  the  suWJtoo 
and  soaks  into  the  eubstitnce,  and  then  acts  on  the  i>opper  and 
destroys  tlie  connection.  The  following  plan,  which  I  devisod 
mnny  yuurs  ago,  is  a  protection  against  this,  provided  it  be 
thoTKiaghly  earned  oat:— 

Heat  tln!  <ind  of  tho  cftrlH>n,  and  touch  the  part  jnst  beyond 
where  the  mippi-r  is  to  extend  to  (which  ahoukl  be  about  half  an 
inob  ftom  thu  end)  with  a  pii^ce  of  paruQin.  taking  euro  it  does 
not  mn  up  the  part  to  be  deposited  on  ;  should  it  do  so,  it  may, 
however,  DO  driven  off  by  alroiig  heat;  when  cold,  out  a  few 
scores  in  the  surface  to  give  a  hold  to  the  coppi-r.  and  drill  a 
hole  through,  in  which  fix  firmly  u  copper  wire  projecting  on 
each  side ;  now  with  a  warm  iron  eprejid  n  good  film  of  paraffin 
from  the  intended  oopiM^ring  to  the  part  to  bo  immerBeii  in  tho 
liquid  when  working.  Connect  a  wire  to  the  carbou  by  a 
Bcrow  clamp,  and  insert  in  a  copper  sohitlon,  arranging  at  first 
for  a  quick  deposit  to  prevent  entianco  of  moisture  into  the 
nnrcB  of  tho  carbon.  When  a  good  deposit  is  made,  drill  a  few 
fioloB  right  through  copper  and  oarlion,  soak  in  water  to  remove 
any  abnorbcd  copper  salt,  and  dry  it  thoroughly.  Now  tin  tho 
port  to  which  the  biuding-sorew  or  oonueoting-wiro  is  to  bo 
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soMorcil,  nnd  stand  th«  carbon  with  ite  cpppf?t«<1  part  in  a 
Tencl  contMiiinz  a  littlo  ra«lt«d  paraffin  till  its  npper  part  is 
Mtnratod,  th«  bolOB  being  intcndod  to  insnro  this.  Whon  the 
connection  ie  moMquoI  a  coating  of  pnrnfEn  may  bo  spread  over 
the  ooppor.  No  cement  is  of  any  u§o  for  this  purpose,  paraffin 
alone  nwists  powcrfnl  oxidants,  unch  as  nitric  acid,  and  canslio 
alkaUae. 

3JO-  $ur/nfo  «/  titrbrm  is  of  oven  more  importance  than  with 
platinum.  There  nio  many  uses  for  battcrios  which  give  a 
powerful  current  for  a  limited  time  :  for  these  a  cell  whioh 
would  bold  just  sufficient  nitric  acid  for  the  occasion,  would  be 
valuable;  for  this  we  nerd  n  porous  cell  which  will  only  just 
hold  this  quantity,  and  which  shall  yet  havo  in  it  a  p^nte 
■mrfiKO  capable  of  [ntnornting  the  required  current  Again, 
the  chromic  add  colw  fail  very  rapidly,  owing  tn  poUrisation, 
and  a  Isrgo  negative  snrfaco  is  the  hiatt  reiiiody.  There  are 
two  modes  of  attaining  these  objects. 

Granulatrrl  •'rtrfiMi  may  be  paeJced  in  the  cell  around  one  ur  two 
platos  or  rcxlH  iwrving  as  cuiductiirH,  in  tht-  Hamc  manner  as  in 
the  m&nganuo  eclls :  tlic  connection  to  the  a^pardto  pftrticlea  is, 
howoTor,  imperfect  at  liest.  ITiie  jilau  is  i<nlj'  uvmlahlu  with 
■oidfi,  either  as  a  Smee,  or  with  nitric  acid ;  it  is  not  suitable  to 
ohroiuio  talts,  as  they  tend  to  form  deposits  on  the  burfacee, 
which  break  tlie  connection. 

Carbon  rttdt.  j  2i8,  may  Ijc  )>acked  into  the  cell  with  enough 
space  for  the  ii(|uid,  tlieir  tups  being  all  connected. 

351.  Inclosed  Cjxia — These  are  Ter>' convenient,  and  cither 
form  of  oarboD  can  bo  used  in  them.  The  space  within  or 
around  a  porous  cell  oau  be  used,  and  of  course  the  onter  space 
gives  most  room.  I  have  found  it  convenient  to  use  a  porous 
coll  perforated  with  holes  fised  into  the  containing  vessel,  using 
a  Bccon<l  porous  cell  for  the  nnc,  which  is  inserted  in  the  other 
only  when  required  for  use.  The  oxidant  can  then  l>c  left  in 
the  containing  vessel  for  further  use,  and  the  o|H-ning  cIokmI 
with  a  stopper.  I  tliought  I  had  arrived  at  porfectinn,  and  done 
away  with  the  nuisanoo  of  charging  and  emptying  nitric  acid 
cells,  but  there  is  an  if  in  tho  way  ;  the  phin  would  he  perfect  if 
wo  could  find  a  perfect  moans  of  inclosine  th»  top :  as  it  is,  I  can 
only  describe  the  best  rosults  I  have  attamed. 

Arrange  the  carbon  in  tho  cell,  and  also  a  glass  tube  for 
Bupplyiug  tho  liquid,  reaching  nearly  to  tJic  bottom  :  shake 
iu  dry  sand,  if  rods  are  used,  or  salt,  if  with  granulatod  carbon, 
filling  to  within  an  inch  of  the  top.  On  this  place  a  layer  of 
aatdboard  boiled  in  paraffin,  in  a  hole  in  which  is  innorted  a 
glass  tube  just  entering  tho  sand.    Now,  o/ler  warming  the  toig* 
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f>f  1^  ceZb,  pour  in  melted  pamffln  just  &hout  to  set.  I  tiAVO 
ran  in  plaster  of  I'aris,  and  after  drying  have  tumod  th?  mU 
iipflido  down  in  melted  paruffiu,  allowing  it  to  soak  into  tba 
plaster  and  form  a  stratum  the  thickuesi  of  which  can  bo  oon- 
troUcd  by  the  depth  to  which  tlie  vent-pipe  enters  th«  oeU; 
but  the  paraffin  breaks  up  into  minute  fissures,  and  ultimately 
thd  plaster  dimrite(;rat(.«.  Afl«r  all  is  set.  the  sand  can  be 
shiikon  out  through  the  \ent-pipo.  or  thp  salt  dissolved. 

It  i«  possible  that  the  sulphide  called  Sponoe's  met^l  taight 
answer  tis  a  ceiocnt  to  close  such  cells. 

J 52.  Cnu'ULATiOS  QY  LkjI'IIM. — The  chromic  add  cii-lls  always 
lose  power  very  quicklv,  the  solution  in  ooutact  with  the  nega- 
tive Kiirfnco  Ifcing  usliau!>ted :  therGfurc  the  jiossibli!  roUt  of 
current  is  limit^^l  liy  the  ciipiicity  fur  renewal  of  tins  i«>lution 
by  diffusion,  which  is  a  slow  proitiss.  This  nieaiiB  tliat  t!it;ro  iM 
fur  ever}'  kind  of  action  a  definite  rutin  between  cnrront  and 
surface.  This  iti  why  enlarging  the  aurfiiee  makes  E  H  F  lunrv 
conHtiiiit,  although  mirfacBjier  art  w  mi  /unction  of  E  M  F.  Con- 
eequently,  any  meajis  of  bringing  active  solutiDii  to  tin?  ncgativo 
plate  maiutaiiu  the  E  M  F.  In  nitric  acid  tliis  in  ufreclod  by  tlio 
gon?r«tion  of  gas.  Oiroulatiou  in  the  liquid,  howovOT  produced, 
has  the  same  effect. 

25  J.  Ileal  applied  to  the  bottom  of  a  cell  liai^  this  effect :  pro- 
bably the  heat  adds  to  the  K  M  F  ae  iu  S  2 1 2,  but  at  all  events 
it  kivpH  it  nearly  constant  by  liringiug  Ireab  liquid  to  the  plato. 
I  have  obtained  a  constant  currciit  frum  a  bichromate  oell,  close 
up  to  oxhaustioD,  by  means  uf  a  Btuall  gas  jet  under  it.  The 
hcut  alao  lowers  the  int^-rnal  resistance,  aud  so  oompMUatos  for 
the  lowering  of  K  M  1'  due  to  the  chemical  change  of  the  solu- 
tion. 

3^4.  Ckulaim  ond  others  have  arrangi.<J  the  colla  of  a  battery, 
•O  M  to  permit  tho  liquid  to  pass  through  them  slowly  from  a 
romrvoir  abovo  to  one  bolow  :  and  tliey  exchange  tho  receivers 
at  intervals,  so  as  to  pass  the  liquid  several  times  through  the 
battery. 

255.  Thn  eiu-lotcd  celU,  i  251,  could  be  ri--in!ilv  usodina  similar 
manner.  If  tho  nutlet  or  vont-pipos  (proviAcil  for  omptyiiu; 
tlio  CvlU  and  allowing  puses  tocscape)  wore  ufprojicr  length,  and 
l)ent  over  ho  w  to  entur  tho  inlet  or  feeding  pipe,  tho  liquid 
would  flow  fnun  one  gull  to  another  with  veiv  itmaU  difference 
of  level ;  aud  if  ooniiuctcd  together  by  caoutehouo  tubing  they 
might  be  at  one  level,  and  tlie  liquid  fgrccd  through  them  at 
any  desirod  rate  by  Ibc  elevation  of  the  reservoir. 

3jC.  Itolalinff  tnrbijn  plalfB  have  Ixscn  used  to  uttuin  the  same 
result.    The  caibona  arc  iii  thu  fonu  of  discs  mounted  on  an  axis, 
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with  only  the  low^r  half  in  tbo  liquid,  eo  that  tho  luotion  of  the 
axis  briDf^  new  carbou  surfaoe,  cairj^ng  also*a  film  of  air,  and 
also  Htirs  the  liquid. 

357.  Pumping  air  into  the  liqnid  is  another  mode  of  oansing 
circTuation,  and  though  it  doeg  not  add  to  the  E  M  F  it 
prolong  the  action  of  the  liquid  by  bringing  oxygen  to  tha 
plate. 

356.  BicHEOHATE  SisGLK  CstL. — This  consista  of  two  pUtea  of 
OKrboD,  with  one  of  zino  between  them,  fitted  *o  that  it  can  be 
raiaed  out  of  the  liquid.  Of  late  many  shops  havoCTnall  biohro- 
tOMtit  cells  wittioat  this  fitting ;  I  wonld  warn  readera  against 
luing  enoh  cells,  which  are  most  extravagant  and  unsatisfactory. 
Used  for  the  parposes  to  which  it  is  suited,  the  biohromate  cell 
jg  one  of  the  most  nsefol ;  it  fiimishea  a  most  powerful  current 
for  a  very  short  time :  it  is  thorcfoTc  admirably  adapted  for 
short  oxpcriments  with  induction  coils,  as  it  gives  a  greater  force 
than  nitric  acid,  and  has  no  nnp1c«8ant  fumes,  wliile  it  can  bo  set 
aside  for  weeks  and  be  rca<Iy  for  action  at  any  instant.  But  for 
loQg-eustained  action  it  is  useless.  When  the  force  fails,  merely 
rAiMtng  anil  lowering  the  nine  n^ston*  it  for  reasons  explained 
i  151.    Fig.  iCb  ehowa  the  usual  cvnstmction. 

rio.  3«». 


L 


The  vessel  is  a  glass  bottle,  enlarged  into « globe  bolow,  to 
hold  a  larger  quantity  of  liquid ;  but  any  form  of  Twwsl  will 
anMwer.  The  eesintiat  ]Mirt  i»  the  top  which  oarries  the  plate ; 
this  is  best  made  of  ebonite,  but  hard  baked  wood  tiaturntod  with 
paraffin  will  do;  in  the  centre  of  this  is  sorewed  n  projeotin^ 
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brass  tube  split  Bt  tlio  top  to  gri^i  the  rod  currying  the  sino 
which  slides  in  it :  tJiw  fiMit  of  this  tubn  also  passes  throngh  a 
plato  of  brass  oxtpnding  on  one  Biile  of  the  cover  to  the  negntivQ 
biadiag-scrcvr.  This  sliding  part  U  often  troulilesome,  n«  tho 
surfaces  tamiBh  nnd  muke  bail  cnnttiot ;  thoy  ehcmld  be  well  gilt 
to  avoid  tbis,  and  soine  attach  au  open  spirnl  of  wire  to  the  lowor 
part  of  tho  rod  and  to  the  tubu,  so  as  t«  miiko  »  liied  metoUio 
circuit  independent  of  the  eliding  one;  others  ikttach  tlie  binding- 
screw  to  the  top  of  the  sliding  rod.  It  is  desirable  to  form  a 
Bcrow-thrend  on  the  top  of  the  tube,  and  fit  to  it  a  nut,  by  tight- 
ooing  which  notitaot  is  improved,  and  the  zinc  firmly  held  up 
whon  not  in  notion  ;  a,  sqimra  tube  and  rud  are  bolter  than  round 
OHM,  OS  they  kei.-p  tlic  zinc  alwayi*  parallel  with  the  iLVirboiis. 
Tba  sine  is  eonimouly  lixud  to  the  rod  by  meuiis  of  u  screw  on 
the  end.  but  it  is  far  better  to  sobk'i'  them  together.  1  was  on<») 
grofttly  troubled  with  aii  irregular  batttry,  which  woulil  not 
hoop  to  its  work,  though  I  pulled  it  to  ])icui.'s  and  sot  everything 
right,  us  it  appeared,  aud  after  great  truubU  tracvd  tho  wholo 
fault  to  this* point :  acid  bad  found  its  way  into  the  thread  of 
tho  Bcrow  and  entirely  dcstroyi-d  the  connection.  Tho  carboia 
are  secured  to  tho  cover  by  means  oftwoangle  pieces  or  braoksta 
of  brass  or  iron,  as  shown  (a.  Fig  j6(t),  and  tlieae  brackets  an 
connected  to  the  +  binding-screw.  The  connection  is  thus  one 
of  simple  contact,  and  with  a  porous  carbon  it  is  oouimou  for 
acid  to  find  its  way  up  between  the  surfaces  and  Uefitroy  tha 
contact.  This  may  be  entirely  remedied  by  the  plan  described 
in  8  249  i  tho  upper  part  of  the  carbon  being  coppered  tha 
bracket  may  bo  solderwi  to  it,  and  perfect  ooniiootioa  insured, 
and  protected  by  a  covering  of  paraffin. 

It  is  imposeibte  to  estimate  the  coat  of  working  this  cell, 
because  the  lo&il  action  in  it  is  so  great ;  and  this  liciug  nearly 
coustant  while  the  zinc  is  immersed,  or  when  frcijnently  ro- 
moved,  its  proportion  to  the  work  actually  done  will  be  less  aa 
this  is  greater,  grimiest  that  is  whon  there  is  jjroat  reaiataiice. 

3J9.  A  very  convenient  form  of  this  cell  ts  a  luttery  and 
OOmmutator  combined,  for  bolls  and  other  apptianoos  requiring  » 
momentary  current ;  the  zinc  and  it«  rod  is  supported  by  a  spring, 
spiral  or  otherwise,  and  is  pressed  into  the  liquid  when  the 
current  is  required  ;  on  relieving  the  prcsBui-e  the  zinc  leaves 
tlie  liquid,  and  cuts  off  the  current,  The  aame  form  of  cell  is 
also  used  in  apparatus  for  obtaining  light,  and  for  lighting  gas. 
The  zinc  plato  should  be  parallel  to  the  aurfiice  of  the  liquid,  so 
that  a  small  motion  will  lutmerae  it. 

aCo.  Tho  suitable  solution  is  given  S3}4.  Troitve's  solution  is 
cold-water  j6,  bichromate  of  potash),  add  slowly  15  of  sulphuric 
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Mid.  Ofoounw,  tuiy  nf  tho  oKromio  acid  solutions  cnn  bo  UBod 
in  the  single  cell,  l»it  thuy  nnght  not  to  botistxl  in  sucb  etrongth 
iiK  ildHCrilxMl  for  ilouble  gvIIk,  »n<l  they  will  nxjuiro  moro  eiil- 
]>hiirio  luiid  a<li)<xl  uftor  u  tiiiii.%  in  order  tu  illsnolve  tlio  zina :  tho 
ikfTii]  Htatod  ia  Bnitil»j*u<l  in  tliu  reaction  of  the  suit  itmlf,  to  dissolve 
lh<:  chromic  oxiunn  furinnil. 

tCi.  Si.atkk'r  Iiti>N  CKi.i.-^In  »lniust  nil  th<^  forms  i>f  battery 
ir»n  tnuy  be  iisinI  in  pluoo  uf  einc  for  tiio  ilimolving  melnl,  but 
owing  to  il«low()r<.*l«i!trotnotivu  furou.aml  other  pructku)  roaBons, 
it  is  McMoin  einplojritJ  ;  Mr.  Sliit<!r  introiluiXMl  a  cull  in  whiuh 
■ran  us  the  nugiitive  inot«l  in  uiimhiuud  witli  nitmto  of  soda  us 
tbfi  oxidant.  The  nulphurio  ai'iti  id  addi*d  to  a  h<it  nolutign,  iinti 
Kulphatu  of  soda  orynluUiXLti  out  in  ecKiHng.  At  elurtiug,  tho 
uutvr  coll  ia  churgu<l  with  wutur.  uuntitining  a  littlt!  of  tlie  euln- 
tiim  to  rtndor  it  cunduoliiig,  and  net  up  thu  aiTtiim,  which  ih 
Uitin  kupt  up  liy  undoomoBi);  tl)u  uctlun  in  iiiaintaiiiud  by  n'moving 
a  portion  i>t  thu  inner  Ui|iii<l  ut  timrn,  and  adding  fr^wh  Hululiun, 
au  that  theri!  js  Ultlu  wuatv. 

26i.  Ikon  rF-RCHLORinG. — Thia  hax  bt-on  i-inpluyod  in  battttHoa ; 
its  action  coDHixt^  in  unJoi'tfoing  a  rtduotJon  to  formus  oliloriilu, 
ftnd  tho  object  iiiiued  at  was  the  regeutMation  of  tliia  by  a1>. 
sorbiug  oxy^'U  from  the  Mr,  BO  08  to  maintaiu  au  iuoxhuuHtihlo 
oxidant.  It  may  also  be  recencffat^d  by  pasniug  a  fitroaiii  ufchlc>- 
rine  into  tho  cell.  It  has  the  eame  drawback  aa  the  biohiomulo 
liattery  in  rapid  failure,  aud  its  force  ia  also  low:  thoro  aru, 
howeTer,  oaaea  in  which  auch  a  oombiuatiou  mi);bt  bo  useful, 
and  it  will  form  a  sinjjle  cell  with  iron  as  poaitive.  and  work  to 
exhaustion  if  free  acid  enough  ia  occaaioiially  addvd  and  tlio 
ftxceea  of  liquid  removed. 

Perttxide  of  iTvn  mtgbt  be  employed  for  aimilor  reasons,  inatoad 
of  and  in  the  same  way  aa  the  nuuigancwo  peroxide,  but  it  gives 
only  jnst  half  the  forcu  of  tho  latter. 

a£).  Peroiioe  of  Masoaxesk  Bat rcnT.—Var ions  pcroxidi's 
have  been  empluved  to  erurroand  the  negative  plate  and  furnish 
tha  oxrg«n.  Tuc  peroxide  of  mangan(.-sQ  wiis  firet  usihI  by 
Do  !a  Bive,  many  yen rs  ago;  but  the  difficulties  which  Mooti 
prasetit  thomselvoa  to  those  ^vhu  use  it.  limit  its  applications, 
though  it  hiks  many  giK^I  ([tiiilitics,  which  have  brought  it  into 
OM,  uid  it  baa  boen  patented  under  the  niimo  of  "  Leolanolio  " 
OOll.  For  cases  requiring  a  large  current,  as  in  plating,  or  fur 
in»gnvt«  or  ooils,  it  is  absolutely  uxdesa;  for  a  Bmoll  oocuuoiutl 
OtUTont,  uu  the  othor  hand,  us  for  ringing  bells,  hausebold 
ipgn^ln,  Ac.,  it  is  oQo  of  tho  most  useful  forma ;  it  requires  no 
attontion  borond  seeing  that  it  does  not  get  dry :  and  it  remains 
active  for  a  long  while,  when  used  for  its  proper  ^ur^oana. 
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The  poroxiilo  of  mau^aneee  is  MnO,  ^  81 ;  two  of  Uieso 
uolecntes  ontcT  ioto  tho  ivaotttin  prcxliicin);  MojO.,  eeaquioxide 
of  tnant^aneee,  and  O  i  atom  of  uzygen  ;  thc-rt>foro  87  of  it  by 
weight  yields  8  of  oxygen,  and  i  unit  of  current ;  but  this  ts 
the  puri>  §ubBtance,  while  the  commercial  mati^ueHi?  contains 
a  Iar);e  perceutnge  of  impurity,  bii  that  loo  ia  about  the  unit. 
As  no  solution  oconrB.the  action  take§  place  only  on  the  surfaoe 
of  the  partiolea,  and  a  considerable  portion  may  eftoape  action  ; 
it  is  therefore  iniposeible  to  fix  apon  any  (luantity  as  the  eleatrio 
unit :  it  may  range  from  100  to  aoo  (jrains  or  more.  According 
to  Leclanch^'  to  100  parts  of  peroxide  and  100  of  sal-ammoniac, 
there  are  ^o  parts  of  ziuc  disfolved.  The  peroxide  is  a  good 
eonductor;  tho  resulting  sesquioxide  is  not  a  conductor  (and 
the  same  is  the  ca«o  with  the  correepondiu)^  lead  oxides),  h«noe 
the  action  tends  to  diminish  ;  and  a  main  object  must  bo  to 
spread  the  material  over  a  b»rge  area  of  conducting  snrfaf^ 
This  is  accomplished  by  cmehing  carbon  into  varions  »ii;ea, 
from  a  pea  down,  and  packing  the  larger  pieooB  in  a  porcine  jar, 
in  layers,  so  that  the  particles  are  in  firm  contact  among  them- 
nalvoH,  and  with  n  pliiir!  ^r  bur  of  carbon  whtt^h  forms  the  main 
plait!  or  eonduetcr ;  the  finer  g^iun  Bhowtd  bi-  mixed  with  tbroo 
tim^s  their  bulk  of  manganese,  also  in  line  grains  unil  sifted  in 
among  the  network  of  large  pieces :  the  fine  powder  has  to  l>o 
niftiB^l  out>  becauso  it  reaists  the  penetration  of  the  liquid.  Tho 
result  of  thid  arrangoniwit  is  to  expose  n  very  large  8iirEao«\ 
which  oomponwitos  for  the  inherent  slowness  of  the  action  itself, 
and  reduces  tho  intomal  reeietance. 

A  nniall  siirfaco  of  srinc  is  sufficient,  such  as  a  cast  rod  or 
rollod  strip  suspended  in  the  outer  veeseL 

3$4.  TbiB  is  the  tiffunl  arrangement,  but  it  is  far  better  to 
reverao  it,  and  put  the  zinc  inside  the  porous  vessel,  making 
tho  bsttory  np  as  described  §  251  with  the  manganese  added  as 
itbove. 

A  very  compact  fomi  has  been  introduced,  made  on  tils  plan, 
r«ll<yl  tho  Lacombo  battery :  n  carbon  cell  contains  the  man- 
gnnrso  niixturo  between  itself  and  a  small  inner  earthenware 
cylinder  to  hold  the  zinc:  both  cells  being  perforated  to  allow 
citciilation  of  the  liquid  contained  in  a  glass  jar. 

a^S'  AgetomeraU  blodea  aro  much  used,  to  do  away  with  the 
pOTOQM  oell.  One  composition  consists  of  manganrae  peroxide 
40  parts,  carboi;  44,  gns  tar  9.  siilphur  O'C,  water  6*4,  bU 
Blrongly  ]irc8swl  togvithor  after  mixing,  and  heated  to  )65''  C.  to 
drive  off  the  wat*r  and  tar. 

366.  TttG  Esi'iTANT. — Either  common  salt  or  sal-ammoniac  ui 
omployed,  though  others  will  answer.    It  may  seem  unwiso  to 
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UBO  tuil-ammoniac  ftt  6d.  per  lb.  if  common  sftlt  at  i  lb.  mr  peony 
will  anovr'cr;  but  as  r  couplo  of  ounoeH  of  taa  oBlond«  w 
ammotiiiim  will  chargu  a  cofl  such  as  the  ordinary  Lcclanch^, 
anil  work  for  seveial  mouths,  th«  qUMtioD  of  coon>>my  ilwindloB 
to  a  very  email  mattpr  aEaiost  tho  higher  cloctroiuotiTo  forco 
tlio  amoioniam  cltlorido  gives  oror  that  funUHhod  by  tlio  Bodiuiu 
cbloridc.  With  the  Utkir  ciiti«tic  himU  is  senoratod  and  roEDaina 
to  oxort  A  couiiUt  tl  M  V,  whili-  with  Md-ammoninc,  tuamoiiift 
is  sot  free  anil  ^iwn  otV.     'I'ho  forct;  is   gready  incmuwd  by 

I     oocaaitiiiiiUy  Oilding  it  little  m'h\    to   ihu  manganuto  coll   to 

I     nontralizc  the  ulkuli. 

»I  hava  found  the  E  MF  at  first  Htartiiig  to  bo  with— 
Sal-amraoniiio        i'54JvoIU. 
Siilphato  of  umnitmiu '*49J     » 
Common  sidt          1-285     •• 

Ammouium  chloride  forms  double  Balt«  with  zino  chloride,  and 
kImo  with  bydrated  ziuc  oiide,  and  the  latter  compound  appearM 
in  the  fytui  of  crj'stals  upon  the  eino  and  porous  celln.  Tho 
crystals  have  tho  formula  XnO,H,0,N  H,C1.  Ah  thoy  obstruct 
the  action  they  sbould  be  removed  with  warm  water  containing 
a  little  acid,  but  thoy  do  not  form  so  roadity  if  a  half-saturated 
solution  is  iisod. 

Another  tronble  ia  that  tho  ammoDium  chloride  finds  its  way 
between  tho  carbon  and  the  load  cap  usually  oast  up>ii  the  carbon 
aa  a  connection,  and  produces  a  film  of  nuui.'-induuiiug  matter 
botwcKtn  thitm.     Thoy  should  Iw  prcitectwl  us  descril>ed  5  249, 

nr  miin<jimf«r  may  be  rrymrraUd  without  reiuoral,  by  tho- 
muglily  wimhing  with  warm  wutisr,  and  thuu  ]iuuriog  in  a 
strong  Holutiiiri  of  iiermuugauutu  of  putiuih ;  niixuttng  Uiis  as 
long  ua  thv  noloitr  is  diiichurgi'il :  but  il  is  a  doubtful  economy. 

16"}.  For  luauy  puqioM's  a  Coll  conntruolud  willi  oruahod 
carbon,  av  dtHcnbud.  wilt  serve  without  tho  addition  of  innn- 
gaueae,  «s]ie(?ially  if  the  cell  is  tnude  rather  high,  the  aolution 
riniiig  only  half-way  up  it,  and  free  access  of  air  allowed  to  tho 
carbon  :  but  this  is  available  for  only  very  hhort  demands  upon 
ita  forov.    The  IC  M  F  also  is  lower. 

i68.  Peroxide  of  lead  is  a  most  powerful  oxidant,  and  ta  tha 
basis  of  nil  the  seounJiiry  batteries  ;  as  it  is  easily  ivgcneralud 
it  will  become  more  valuable  as  the  plate  of  ordinary  batteries, 
when  there  are  jtlacts  at  whioh  a  current  can  be  used  to  regoi- 
erate  an  exhausted  plat«. 

UobirU'  cell  is  highly  spoken  of  in  American  papera,  and  is 
made  with  red  lead  mixed  with  ita  equivalent  of  potash  per- 
raaDganatc,  and  made  into  a  peaty  mass  with  U  CI :  this  is  ^ut 
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into  a  poroDB  oell,  contuining  a  carlioD  conductor:  it  sets  into  ft 
poroua  oondaotiiig  axas». 

lAtktZTiiiiU  i»  a  aiilid  form  of  load  peroxide,  invented  by  Mr.  D. 
G.  Fitzgeraiii,  mid  is  the  luont  prtictioally  nwftil  form  of  the 
material.  It  ia  prt'parud  from  e,  ]'nsty  mass  of  lithargo  and 
water,  caused  to  set  l>y  u  slow  uhewicul  roitctiim  ;  the  iiieolulile 
plato  i«  thiM  traiiafuriue^i  by  tbft  ek-ctric  cnrrent  into  hydrated 
peroxide  of  lead,  coutaiuiug  a  little  sulphate  of  ltind.  The  chief 
oifficnlty  is  making  good  oouudotion,  which  requires  plntiniim 
foil  and  wire,  uothing  else  withstanding  the  reactions  ;  thoy  are 
secured  to  tlie  plates  with  ebonite  sciewM  and  imts.  The  E  M  F 
of  lithauode  with  zinc  in  sulphuric  acid  is  nearly  the  full  power 
of  siiuc,  and  therefore  eiceeda  2  voUa,  and  it«  work  is  about 
one  ampere  hour  jier  ounce. 

269.  Oxide  of  Coppee. — This  was  introduced  by  Messrs. 
Lalande  and  Chaperon,  and  a  good  deal  more  was  expeotod 
from  it  than  has  been  realized ;  still  it  may  be  found  useful.  It 
ooBsistB  of  n  cast-iron  vessel,  preferably  of  the  form  of  a  wide- 
monthed  squat  bottle,  on  the  bottom  of  which  is  placed  a  layer 
of  oxide  of  copper,  copper  sonles  from  rod-hot  copper  being  (he 
lieat ;  the  excitant  is  a  strong  solution  of  caustic  soda  or  potash, 
which,  after  use,  can  be  treated  att  in  S  190;  theeinoiesusjiendi-d 
from  the  stopper.  The  copjier  oxide  can  bo  reformed  by  washing, 
drying,  and  roasting  at  red  heat.  The  great  defect  of  the  battery 
iK  that  itsEHF  is  leas  than  volt  -9  and  falls  to  -6,  wUIe 
working. 

370,  BfnnetCt  hattery,  Bometimes  called  the  tin-pot  cell,  AS 
meat  tins  were  suggested  for  the  outer  vcesol,  consists  of  &d 
outer  iron  vessel  with  a  poroua  cell,  and  the  space  between 
packed  with  iron  borings ;  in  all  other  respects  it  is  the  some  as 
the  last  dc«eribod. 

371.  EdUTii  BAlTBRy. — A  plate  of  xinc  and  one  of  copper,  or 
a  bag  of  coke,  buried  a  little  apart  in  moist  earth,  has  been  used 
under  the  name  of  an  eurlh  hiitlery,  for  driving  clocks.  This 
ia  ils  only  use,  and  aa  it  has  a  low  foree  and  high  reeistanoe, 
all  that  can  be  said  in  its  favour  is  that,  once  mounted,  it  is  out 
of  the  way  and  requires  no  attention ;  but  any  ordinary  small 
cell  will  do  as  mudi  work.  It  is  not  possible  to  have  several 
in  series,  but  the  action  can  bo  increased  by  placing  the  sine 
plate  under  a  stable  or  in  other  position  where  Kaline  liquids 
can  penetrate.  Suine  have  eoiistriiotud  an  earth  battery  by 
using  tlie  lead  water-pipe  as  one  plate  and  the  iron  gas-maius 
a«  the  other ;  but  tbia  means  injury  to  the  bitter,  and  that 
injury  is  likely  to  ooonr  at  the  nearest  possible  point  to  tho 
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ill.  Watrr  (tall^riuM  of  Him]>lo  ooiiMtniotiuii  harft  I)Ma  de> 
Boribct],  wUioli  may  U>  fcinnd  uooftil  for  intuiy  ftxperimeBtAl 
pnrpiwea,  Muoh  lut  witU  (-ioittruinntunt,  or  nn  vuriablo  B  M  F"* 
where  n  high  vdIU^u  unci  iiifiiuti'Himiil  uurront  in  required. 
FrofeiRor  Roivlaiiil  firtit  ilMurilHul  ii  nimplc  funn  which  I  havu 
somewhat  nuvlifii^.  A  ntri^i  cif  thin  i!()|)i)i.<r,  2^  indiiMi  wide,  uud 
a  flitnilar  «««  of  zinc,  2  iuohiw  wiiio.  urn  liti'l  togcUu-r  and  nrdder 
ran  along  tli«  (^ig«  at  whiL-h  tlic  chijiikt  iivcrlitpii.  Thu  Htriji  in 
then  cut  irIo  pii.-<«A  \  inch  widi',  ii^rh  fnniitng  a  mi[>]wr  luno 
pair.  A  piece  uf  dry  wikhI,  u  {>i«i  wixLan^  Iiim  mw  tiiiUt  mudtt 
aeroBS  gno  fuu  of  it  J  iuoh  ujnirl,  and  in  thou  balci-d  and  jviraf- 
fitied.  (PrufuMtur  Rowland  iiKi-d  a  ahisitt  of  glans  and  ahelhiu.) 
Tho  iinijooting  uujijKir  vndK  an  tdightly  wanni^d  and  )>nweu 
into  thu  taw  cuts  in  rejptlar  ordt-r  lo  form  e\t:u  ruwu.aud  melt«d 
paraffin  nin  civlt  thit  woml  to  mak«  all  atixiug.  ]iy  aid  uf 
Btripa  uf  wood  or  uxit*!,  Ilie  jiuirn  aru  now  opened  out,  so  a8 
noarly  to  touch  the  adjoininjc  plBU.-«,  thu  eiida  uf  th<'  rown 
hoing  iKTimmtf)  tine  and  «>[i]M?r  iitutun  <!onn«i'teil  togcthtir  by  the 
toil  udgua.  Tht;  dintanoiv  of  tue  plaU^u  unt  »u  armng^'d  tktt 
wnen  mppeil  into  wat*r  a  few  drops  will  bo  nutained,  which, 
will  take  aoin«  titn^  to  ovaporato,  and  oan  )>o  r«ii(.-wed  hy  dipping 
afresh.  Thick  porous  paper  may  he  tuenrU-A  if  [ireferred, 
thread  being  wound  round  th?  platt>B  to  huld  it  in  placo. 

A  more  complete  battery  con  be  made  in  the  samis  way,  but 
with  rowB  of  test  tubes  placed  over  the  pair*;  thejw  are  then 
to  be  pnt  into  a  box  and  some  oeiuoiit,  prefeiably  jwirafBn,  run 
in  to  hol<l  them  in  place. 

By  taking  wires  through  the  top  at  intervak  varying  numbors 
of  Delia  may  be  used,  bo  aa  to  control  the  E  U  F  employed. 

37J.  <?<M  balUriee  have  received  some  attention  of  late :  they 
offer  the  tempting  prospect  of  deriving  electrio  energy  direot 
from  the  combustion  of  fuel,  and  so  dispensing  with  the  st<iam 
•Dgins  and  dynamo.  ■  The  firot  vaa  devised  by  Orovo.  the  in- 
Tontor  of  the  nitric  add  battery,  and  is  simply  the  voltameter 
reversed  ;  that  is  to  ms  two  plates  of  phdinum  in  gas  roceivon, 
dipping  into  a  vossaT  ooatoiniae  diltito  acid  :  oxygen  and 
hjiUOKon  supplied,  combine  ana  give  tip  thr^ir  eaercy  oa 
«l«ctT]c  current.  Aa  jot  no  form  hao  In^n  ditviiwd  which  oaii 
bo  aaid  to  have  n  pmctical  viiliic  Hut  tliiit  may  oonift  yet. 
lake  the  thormo-pilc,  they  aru  good  thi.iirulioiuly,  but  in 
pioctioc  thoy  only  utilise  a  bcmall  portion  of  thu  energy  KUppltud 
to  thom. 

374.  Drif  lattimvM,  so  calloil,  have  cxcititl  iimoh  intorvvt  uf  lato, 
o»]K:dally  among  inventors,  and  no  doubt  ihny  huvu  ubm;  but 
it  cnums  obviuiis  that  tboy  must  bo,  on  tho  wholo.  lem  uRV^uti.i'b 
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tlifliU  thiMB  in  which  tho  liquid  is  free  to  move.  Tlicy  aro 
usually  LoclaoohO  ccUb  in  wluch  the  excitant  is  renderod  somi- 
BoUd. 

Oanet'a  was  the  first  to  ootno  into  ose,  and  gives  Batiefaotion. 
Recent  teste  carried  out  at  Munioh  indicate  that  IIelleBon*B  ia 
most  effective. 

One  u.  ixluro  is  water  i  pint  with  enough  plaster  of  pans  to 
make  a  cream  which  does  not  set ;  with  thin  ia  mixed  i  ox.  eaob 
of  oxide  of  rinc,  ammonium  chloride,  and  zinc  chloride. 

Others  u«e  mineral  jellies  derived  from  silicate  -jf  sovlu  ;  or  a 
saturated  solution  of  magnesium  chloride  to  which  sufficient 
maj^iesia  iH  added  to  form  a  pasty  cream.  All  of  tliem  {lolarize 
very  quickly,  but  rnnovcr  tlioir  E  M  F  after  n  rest :  in  fact  they 
suit  work  which  only  wills  for  occasional  short  currents,  where 
there  is  motion,  or  difficulty  in  giving  pioper  attention. 

375.  There  are  many  other  forms  of  the  galvanic  cell ;  manv 
uaetesa ;  most  mere  modifications  or  forms  tif  these  described. 
Otherehave  great  scientific  interest,  but  do  not  come  within  the 
objects  of  the  present  work.  1  have  intentionally  omitted  all 
mention  of  patent  batteries,  and  secret  nxidunto,  as  of  littlo 
interest  to  leadera.  As  before  meuliuneil,  hatterie«  can  be 
made  oat  of  any  oheiuical  ruuction  in  conductiiig  imiterialit, 
and  especially  from  any  subntancus  whicli  readily  give  off 
oxygen  or  chlorine.  They  can  liu  nutde  alsrj  by  arrutigeiucittN 
whioh  facilitate  the  absorpliuu  of  atmospheric  oxygen,  and  of 
these,  one  of  the  most  interesting  is  that  proposed  by  Measn. 
Oladstoneand  Tribe,  who  have  made  mi  mucli  use  of  the  electro- 
lytic action  upon  snbetanceB  of  a  copper-Bine  couple,  formed  by 
sine  on  which  ptilverulont  copjier  is  prccipitatud  from  the 
sulphate.  When  silver  and  copper  are  connected  in  u  solu- 
tion of  copper  nitrate  well  aerated,  the  copper  diHsoIvee  and 
cupreous  oxidi;  is  deposited  on  the  silver  ;  a  similar  action 
oocun  in  a  solution  of  dnc  chloride  with  sine  and  cupjier.  The 
negative  metnl  is  arranged  ne  a  tray  near  the  Kurfaue.  perforated 
in  many  pinoes,  and  eonlaininc  also  crumpled  miisses  of  tbe 
metal  in  foil  rising  above  the  liquid  to  facilitate  absorption  of 
orfwea.  tjnch  moins  of  absorbing  oxygen  fiom  the  air  mar  be 
applied  to  many  reactions,  and  offer  good  promise  of  utility, 
eiipcfinUv  on  a  largi-  M^nle. 

L176.  fiutterics  nru  being  largely  superseded  by  dynamo- 
maouinen,  a«  a  mutter  of  economy.  The  principles  indicated  in 
this  chapter  may  show  manufacturers  and  others  that  in  many 
casee  ooonomy  will  tend  to  the  opposite  prooess.  As  all  chemical 
reactions  whioh  occur  spontAneously  liberate  energy,  which  ia 
Obually  wasted  ia  practice,  but  might  bo  converted  into  electrical 
I  ^ 
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work,  it  U  ovitlnit  tlint  this  "  wwito  prodnct "  iitaj  be  utilized. 
The  prodnction  uf  mctnllic  pitinte,  Holittiuns  fur  dreuig  pnirnoKM, 
and  many  otbor  ohoDiicttl  prodncte,  might  well  be  oouibinod 
with  tho  prodaction  of  olijctric  cumjnts  to  bring  about  other 
naotioDiB  wbidi  now  necMicitJito  the  supply  of  oxt«rDal  energy, 
tunaU^  efiected  by  mMin«  of  hcnt.  Hut  thiu  ia  tnie  only  whero 
there  >B  immcdiAtc  uko  for  boUi  prnduets:  mttnv  pat«nt8  Imvo 
boen  taken  mit.  fnr  liiittoritii  giving  iiKi^fuI  pn;niwi'ts:  thpv  »U 
fuil,  br.«nii«o  tliny  <1»  not  pay  Hiv.  init  of  oiAhnImn  ;  and  nlno  A 
product  \o»y  !«'  vi»liiiiblu  wIk-h  it  liiw  to  bti  nmdp  for  a  purpoeo, 
and  b*0OD]«  worltiUwH  wlittii  prudiioitd  on  a  largor  hcbU.  Thorn 
mn  the  pitiullH  of  invuiiturN. 

177.  A«R»xoiuiR»T  OP  Batterics. — The  lawn  whidi  gnvom 
tho  mudc  of  urninK(!inei)t  of  »  number  of  oulU,  in  urd^r  to  fifr<.>ct 
mint  work,  will  be  found  in  th«  chapt«ni  on  Curroiit  and 
Electronwriro  Forci'. 

In  joininx  wlU.  care  should  be  tttkvn  not  to  wauta  energy  in 
the  GonncctioiiH ;  all  ooutaots  should  be  as  largo  n&  posHililc, 
Aud  perfectly  otean.  This  is  ofUin  tiogluctml  in  mounting 
bBtUrioB,  ]iai'(iuiilarly  in  Grovo'e  ci<llii.  wUer«  th«  nliititium  \e 
iMOlt  OTCrr  anil  screwed  to  tho  next  nine;  iu  all  sucu  oosos  tbo 
metal  should  he  fixed  to  a  thick  plate  of  brass,  so  as  to  screw 
firmly  to  the  einc. 

The  cwnnoctiny  wires  should  be  of  good  sizo,  and  shonld  bo 
wound  in  11  spiral  iu  ordor  t(>  give  some  elasticity,  (^are  should 
bo  tnken  thnt  the  troti^^hs,  boards.  Ac,  are  quite  dry,  and  tliat 
there  has  been  no  leakage  or  croojiing  of  liquids  from  the  cells, 
wfaioh  oaasw  short  arouits  and  great  loss  of  power,  To  avoid 
this,  the  jars  should  not  stand  diroctlv  upou  a  board :  biit  a  good 
plan  is  to  place  two  strips  of  varnished  glass  edgeways  along 
the  troughs  or  stands,  for  the  colls  to  be  placed  ou. 

178.  A  plan  1  have  found  very  convenient  is  shown  Fig.  jCc. 
B  is  a  wooden  base  across  which  are  secured  striju  b  &  of  KUtea, 
A  is  a  bar  of  wood  raised  to  the  suitable  height,  in  which  an 
snnk  holes,  marked  1-R.  each  pair  intended  for  the  conneotjooa 
of  one  cell,  while  one  row  is  fur  tho  whole  of  tho  Kiucs.  and  the 
other  for  the  positive  polcn  of  tho  oclls;  enoh  row  is  per- 
manently connected  to  a  binding-soreir  ■+■  and  —  by  wires 
under  tho  wood  let  into  tho  liwl  hole  of  tho  row :  tho  holes  are 

Mrve  as  nicrcnry  cups,  and  should  be  j  inch  deep  :  pieoes  of 
jiper  wirr,  bent  over  at  oaoh  end,  connect  tho  cups  as  desired ; 
iftyaiv  shown  connected  twooolls  in  multiple  arc,  and  in  aerit-K 
of  ULTOo.  The  ooUs  aro  placed  3  on  each  side  of  the  bar  A.  Tho 
tmloT  colls  Cu  (as  Dsniolls)  have  winm  which  conneot  them  to 
thejr  proper  cups,  as  have  tho  xinos.     When  the  btttt»ry  in  out 
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of  uao,  tha  Binc«  can  be  lifted  out  and  plaood  in  a  jar  of  w»t 
with  oorks  on  tbo  cods  of  their  vrtroa  ;  the  porous  oellfl  eu) 
also  removed  and  stood  in  a  veHsel  contuiniug  tbo  same  liquid  as' 
themBolvea  ;  the  copper  oella  rumaJu  id  Un>ir  plaoe,  witJi  ooT«n 
on.  and  tho  whole  is  again mouu tod  in  a  minute  when  requirtd. 
It  is  evident  that,  if  the  battery  is  tu  bu  kept  somewhere  incon* 
▼eniont  of  access  during  experiments,  the  bar  A  may  serve  only 

Fia.  36a 
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to  connect  the  cells,  and  wires  can  he  led  from  the  cups  to 
second  similar  bar  elsewhere  whioh  vnll  sorre  only  as  tho  com- 
mutator.    This  plan  is  also  convenient  when  B  is  the  bottom  of 
a  box  in  which  the  whole  battery  inoloeoil ;    then  the  second 
bar  A  uiLH  be  attached  to  the  outside  of  this  box  and  tie  tho  only 
part   uxposed.      A   should    l>e   ruuiovable  fur    couveuii^noo    ot 
cleaning. 
379.  This  latter  mode  also  is  suitable  with  tliu  closed  nitrio 
acid  colls  dosuribed  S  251  ;  these  should  liave  a 
rather  long  upright  vent-tulni  rising  straight 
up  from  the  cell ;  a  tray  can  then  Ijc  placed 
over  tho  whole  of  the  buttery  (or  one  to  oaoh 
coll)  with  bolus  in  tlio  buttom  for  the  tubes  to 

iiaes  through    the    tray    containing  limo    in 
umps  or  powder  to  abeurb  tho  fumes. 
k\    pi    ^  Another  moile  of  effecting  thia  absorption  of 

W  ^yj  fumcB  is  ahowB  Fig.  37.     B  is  u  bottle  cut  off 

jjj      r1  (or  a  clotoi)  flaalt  may  be  ustd)  with  its  neck 

(y=j-.^  fittod    with    a   cork    carrying   a    tube   to    bo 

placed  "vor  the  vent-tube  of  the  cell;  a  tray 
dT  perforatoil  lead  C  in  tho  I>ottlo6up]iortslnmp8  of  lime  or  chalk. 
All  tho  wood  should  be  baked,  and  then  Iwilud  in  paraffin  of 
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which  a  ^oo<l ooat  tdtoulil  rumniii  on  tbo  mirfjioott,  ftud  the  OOpper  ^^fl 
wins  aliould  Im  well  {irut^tcffH  wiUi  v»rnmh  «xO0[)t  lit  th«  eai»   ^^H 
dipping  m  tbi>  iiiimMiry,  which  ithoald  bo  nniul^u ranted  and  ha vo 
oorka  btuck  on  thum  whuu  (iiit  itf  aae.     ItHlioiilcl  lie  remumbored 
that  wh^ii  a  ntruuK  curn^nt  poHMM  thrvtigh  n  p'>rniis  niatvrial, 
it  carrieii  Uiu  litiuid  with  it  fra[nthoxin(;<:K.'lt,  §  iOA;  spaouinuiit 
therofore  bo  aUiiwiHl  in  th<!  uarboii  cell,  or  otliorwixu  loe  liquid 
will  be  apt  t<i  ovirrflnw. 

2B0.   Eronomij   in    un/rk'uig    ouiiaiBtn   lar^eily    in    using   up   the 
nutteriala  oompli-t<rly.     Thin  oftim  iuvulvcs  a  Ions  of  E  M  F,  uiid 
the  noce^aity  for  wimtu,  which  ciin  be  av(>id»d  if  a  f«w  extra  oella 
arp  provided,  aud  thu  baltt-i-y  dividud  intii  sots,  of  «ay  3  or  4 
cella.     If  th«  tain  aru  uliutiKi.-d  in  rutatiou,  out.*  atii  being  out  out 
of  tho  sctioD,  for  th«  uoofwary    time,    lliosu  of  weaker  force 
can  be  slill  left  in  action,  aa  long  ua  ia  rually  worth  while, 
becioee  §  17}.  p.  107,  wlln  of  varying  EM Fcan  bo  worked  in 
terie^.     Tbia  applltw  «ii])uuially  to  tiudli  oaatjs  aa  %  i3Q. 

381.  Work   asb   C^nstasct   or   Cbllb, — Table  IV.  pivea  a 
•eriee  of  experimeuta  on  wUk.  all  iu  like  ooudilioua ;  with  platee 
1  X  1  ioehefi,  sot  i  iiii-li  aitart,  and  witli  uu  exterual  resiBlance,    ^ 
czcQpt  that  of  a  taugi<ut  galvanometer.     The  ourrents  are  givon     ^^H 
in  OQomics,  and  therefDre  are  proportional.     In  the  cells  with      ^^1 
poroaB  division,  it  will  bu  Men  the  current  rises  at  lirat  as  tJio           1 
Uqnids  soak  in  ;  in  these  ocIIb,  also,  the  current  is  reducci)  by           I 
tho  rwistance  of  this  divinioii  as  compared  with  the  single  tiiju id          1 
oolta.    Seo  also  i  3)9  and  Fig.  ]6a.                                                        1 
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^1                Table  V. — Substasces  Used  in  Klectric  Woukiko. 

^H                                  LNnH. 

^h 

Knum. 

fc  d. 

± 

^^M             I.  Aoid  liydnwhloric  .. 

j6'j,    r      IIJ 

6i 

9  1 

■o]i6 

^^B                                 „     fl.  ineoBure 

as 

^H           3.     ,,    nitria      

6j        I    1    96 

7J 

0    8 

■»9S 

^H                          „    fl.  ncuiue   .. 

..      ..  1   69 

^H             J.     „    aulphuria 

98 

(« 

140 

0    1) 

■0107 

^H                                   0.  meHstire 

,, 

it 

'7 

48 

:4fl 

0    9 

■0608 

^H                             B.  mnasDre 

51 

^H            5.  Ammonium  olilonile 

»rs 

X 

S*       "J 

0    6 

■0480 

^H             6.                      sulplaalii 

'jj 
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46 
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70 
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0    4 
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■oi9» 
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1.  NiTKiu  A-:]i>— TLia  vftH*'^  fn'Bllx  thmi]|(ti  tlan  vArlpfiu  qqnlJLlra  fuld  lu  ciilrlc  Kid, 

^^L            ordlDW^fDUl  t4jrnmviTl*l  i«  ibvtil  i-^>'>  to  1^410.  aiid  cunlHiiti  frutn  6f  lu  ^5prr  kqI* 
^^P                1,  An.>^tJKi4^   A  cut— 'I'll  En  riLpiuifi  ainci.iiifitf-Ll  oil  j.f  itltlol.  rp.  gr.  |<S^),  trblcb  !■ 

^H             obiuiubk  TK^fljr  purt, 

^^L                4.  AHhoKiA.  ap.  icr,  'Atio.  o.iiilAlni  |b  pa  oenL,  NHa- 

^^ft                ic.  IVTAHiiL'ia  Ojii]]|i.--']'hU  ■•  Utp  ^v|j|tu,  wbkb  nrt«*  In  nitilllf  fhm  fliKHit  fOHT 

^^^H           c^ni  li>  71,  ;lio  blEbfV  «1jE<'S  tvi  h«  inii4f'.  a*  iJin  prw«,  InTvlvn  ih«  prulULllkiii  of  « 

^^^1           pronorUuu  ofc-riiulf.    TUrquAUl^  l4if*ki-D  a^^/t  |rr  wnL 

^^H              t)  ki  la— TliD  niLVH  fliiii  US  lakuUlril  u  If  miulK.  ittnwli^g  (or  lnhiinr.  tbr  •llvn 

^^H^           trini;  uk.'h  RL  /i*.  Tior  4mnrD  in'j'.    Thf  <jrAni4lh  ti  pupfHA^I  tn  W  ilaiplx  prtWiiltAinl  attA 

^^H            w'14^1,  ii''i  'Jrir-i.  VI']  iKli-in"1  ftt  t>  per  k<i)im\    T'l^^  pbloiliU  hail  ui  cairk  <:ljnrui- 4  m  It  lu 

^^H            i^y  tuf  4tv**aUui\  will  fUKluij  for  itfih  In  ttfiipf lev.  auiI  ■■  likrTtllirD  tl  lb*  Hm*  pi-lcv  m  ibo 
^^H            c)-4n!ilr-    Mtn  dilurido  uiitiil  to  bu  EjliialiiA^la  |d.  put  milL  nlMivr,  In  fvt  at  lU  wnrtb  la 

^^H            fl1lTi.r--ih[it  1^  ml  uij.  pnr  lh.-M  U  li  a  [ir^nJiirl  In  «11vi-r  worUDS.  aud  haiC*^  bt  Tnlnad 

^^B              fix  Ibr  *iiLv  ot  n^KltM,     SittjiKt-nT  kllvfi  ninj  t"  tiouHbt  ml  jr.  tfL  pPT  <HMIDft»  Ibfl  p'kW II 
^^B            ||,(  utds,    Thr  i^aiiHle  aliuuM  navu  to  puitliwl.  *•  li  uuitbt  nut  lu  ba  drtad. 

a8j.l 
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iSl.  Ta1>Io  Y.  contains  n  list  of  tho  principal  mWances  used 
in  clwtrical  opcrationB.  ftrrongcd  to  acconl  with  the  unit  of 
"  qiiAntity  "  and  of  "  cumMit  "*  iisod  in  this  chapter,  as  cspUinod 
S  170.  itli o win 2  tJio  amount  of  oaoh  required  for  a  chcmic  unit  of 
u1«)ctrio  quantity.  The  weight  (ool.  Vi.)  allowa  for  the  ordinary 
Impuritit*  uf  commercial  ajticton.  Mid  apnlies  to  materials  not 
tnientionidly  ndii!f<;irBt<yt.  The  price  (col.  VI, )  in  such  as  th« 
•ufaaUnccw  wn  U^  obtained  at  in  the  ordinary  way  (with  the 
Oxoiption  of  the  wilver  naif"),  and  where  a  different  prieo  is  paid 
th«  UHor  luin  n^Hdily  apply  «  correction  to  the  unit  cost  (col.  VILJ 
in  auj  Ottlcalntionii. 

Under  the  P'rench  ^stem  of  weiglitu  and  laeunres  anoh  m 
tftble  would  l)c  far  more  tieeftil  than  <>nr  Hvstem  ndmU«,  as  the 
flgnrea  (or  tlie  stnnit  iniita  would  apply  equally  to  the  liirg««it 
amonntM  iisetl  in  pmctico,  while  in  the  English  system  on«  cnl- 
oulation  in  nulled  tr>  convert  grains  into  pounds,  and  then 
another  to  usoortjiin  the  ciist. 

TiBLK  VI, — COBT   OF  BaTTKRV  WoRKIKO. 


Ituuof  CtIL 


OojijM'-ilne ••     •■ 

SmM      

„       OilclSMld  «DiIll 

Duiell 

Nitiio  noid,  l*t  ataga 

„        „      and  (URa 

„      and  hyitmchlorio  odd     .. 

Bichromate  of  potMh 

and  bjdrochlorio  Mid 
_        sitiitio  cell       , ,     . . 

UaiiKaneao 

Lead  sii)|)batc      

8ulpliitl«<  of  runeurjr 

BHitt  chlorldn 

„  „      |ii>rTnbloV.     .. 


E.H.F. 


O-lB 

o"(o 

O'JO 

1-8 

)■ 

I -J 
•J7 
l-J» 
!•» 
ft 


r«t  Lnroinv 


For  unit    l*ar  EqDi.    tVrieso 


o-04(B 
O-04J8 

o-oj8« 
O-1J90 

O'lOlf 

o'  I }6o 

0-1)19 

0-1668 
o-aooo 

0-17JB 
o'JJJJ 

O'JOOO 

]'6ilo 


o-ii64 
o'oBj6 

0-0S4J 
0-MJ9 

0-07K 

o-o6to 
O-0794 

O-IIII 

o-i66) 

o-j<H9 
o-ljoi 

o-i6jl 


o'o»4? 
o'OIlS 
0*0090 
o'oo86 
o'oi)7 

O'Ot04 

O'ouft 
o*0t04 
o-otij 
o-oi « 

O'Ojfij 

0-0481 
o-os(» 
o-oi6j 
0-476J 


aSj.  Coer   OF    IJattsiiy    Wonmso.— The  in<Hlc  of  nsiuR  the 
'"  9  of  coBt«  will  be  seen  in  S  Z15.     Thesveoetfi  Areiliorinef  unit 
\lilg.    llut  to  eempnra  the  real  vftluo  of  diflervnt  cells  we  must 

i  into  account  the  mergif  of  tho  combination  as  well.     This 

■bject  will  hi«  expUined  oerenflcr,  hut  the  rCTjuired  information 
I  piven  by  dividinz  tho  cost  jier  unit  tiunntity  hy  the  E  M  F  in 
olta  which  gives  the  oimt  of  1  ciiuivolt.  of  electric  energy  A^l^ 
L-Ibe.     The  unit  in  practical  use  is  t.\i&  viAV&m\>^«t  ut  $ri^>«&. 


OALTJJHO  BATTERini 


[aff* 


and  I  have  shown  the  valiioH  iu  liolh  terms  in  TuMpVL  Atidlhui 
point  has  to  bo  conridered  in  iclation  to  wjonomy,  the  relutiv* 
internal  resiatances  :  thus  whilo  linoE  t  anil  ;  show  nenrly  equal 
cost  for  energy,  the  nitric  add  ooU  gives  the  energy  in  n  useful 
form,  while  tho  coppcr-ainc  would  reqiiiie  7  oells  in  series  to 
equal  1  Grove,  and  would  witste  the  greater  part  of  the  energy 
within  the  celts,  instead  of  us  ueeful  exlemal  work. 

The  work  of  t  grain  of  zinc  in  »ny  combination  is  given  by 
multiplying  4671  by  the  EM  F  in  volts  and  dividing  bj'3i-6 
tho  equiviilent  of  zinc,  or  more  simply  by  making  thw  division 
at  first,  and  multiplying  i4i'35  '•y  ^^^  EM  P. 

284.  The  question  is  frequently  asked.  What  is  the  best 
battery?  The  foregoing  description  will  Khow  that  no  answer 
is  possible,  for  no  such  thing  exists ;  each  form  has  qualities 
adapted  to  particnliu'  purpoaws ;  each  has  also  its  defects,  there- 
fore selection  must  be  made  aceordiug  to  the  intended  work. 
The  following  classification  will  assist  in  the  selection. 

Table  VII. — Suitabilitt  of  CEtts. 
I.  Names  of  Battehiks. 

1.  Smoe.  7.  Haiignnese  ocUa. 

2.  Dnniell.  8.  Dry  Mils. 

3.  Nitric  Mid.  9.  Merciuy  siiljibato. 

4.  BJchrtuDiite.  10,  Kilvor  elilprvJe. 

5.  „     Sinuloeall.  U.  MnguelOM-leDtrio  uiMhinca; 

6.  diromia  auiJ. 

2.  Uses  Cklu  ABE  SttlTED  FOB. — Large  CarrenU. — 
Continuoiit. 

Electro-deposition  i,  1,  j. 

Gilding J,  6 

Silvering  I,  2 

Electro-magnets      C, 


Electric  light. 

Temjioranj. 

IndnoUon  coils        

Medical  coils 

„         „      pocltet       

„         „      coutinuons  current 


3. 


3. 
6 


",  a 


fi.  3.  5. 


5 


3. 

7.  e. 
10,  9 

8,  9,  I 

Small  Currevlt  and  High  Ren'ttance. 

General  tclegrttjihs        t,  8,  61, 

Oa^gionat, 
Domestio  bells  and  t«IegTaph8    ..      ..     7,  8,  10,  t 

Exploding  fuses i'<  7 

Testing  resistances,  &o j,  4,  7,  6 


2&^.]  QBNSRjU,  pbikciplis.  1$S 

36j.  Srconparv  BATTRunu. — Mo«t  operations  &ro  revecnUe: 


L 

^H  ft  fftlliug  weight  will  ilrivo  clocknorV,  aod  tho  cloclcwork 
^HsmiM  tho  wi^ight.  8n  in  cfa«iiiicft)  ftction  oiyg«n  and  hydtogea 
^^BoomtuDu  Atiil  tfiro  up  onorgf  whilo  forming  wator,  and  oqQtX 
^H  energjr,  Ajipliud  by  hd  doctnc  ciirront,  dcconipoMH  tho  wat«r . 
^^■.(ttubumit  it,  in  (net)  and  eqiRriiUw  tho  gases.  In  this  action  tli«J 
^^Kftnergy  of  one  o<pii^iilont  H  I  grain,  0,  e  =  wator  9,  is  nieasar*! 
^HftU«  ft«  €840  t'tHit-llx.,  and  rep^v^eDt•  an  EM  F  of  t ' ;  volt.  Ei 
^Hchumioul  action  whicli,  giving  up  energy,  conetitnlos  an  clcctiic 
^V  genoratoT, <wn  bo  ntvpimxl  by™  unperior  E  M  K,  when  it  receives 
ftnd  «toro>  onorgy.  J»in?h  liutturitwi  nro  therefore  called  armmutn- 
tort ;  thoy  are  iumo  i;u11imI  jmlaritalion  haltcrirs  Ijocauso  the  E  M  F 
«r  plutcs  in  nn  oIwtrolyK'id  Hulntion  was  attribniorl  originnlly 
tg  Koiiiu  eloetric  pnlurixaliun,  whur<.-iu(  it  in  xiiiiply  the  ruiujtion 
of  the  cliomicat  agents  collcctiyl  iijiim  llie  plaits. 

396.  In  the  Smeo  <x\\  zinc  (lispliiceH  liydrogcn  ns  shown  ]>. 
104:  let  iiH  reverse  the  direction  of  tlie  force,  adding  also  a 
iDOlooalo  of  water  H^O  to  be  decomposed  ;  then  we  have  ZnSO^ 
■+■  HjO  changed  intii  Zu  +  SO^H,  -f*  ^ :  ^^*  '''"'  '^  separatuil, 
snlplitiric  acid  foruied.  ami  oxygen  mt  free,  provided  there  is 
nothinj;  for  it  to  unite  with. 

387.  lu  the  Dauiell  ci'U  xhic  diapIaoeacopjMr  fVoin  its  sulphatu 

OuBO,  H-  Zu  beoomiii^;  ZuSO,  +  Cii,  genaratinf;  kd  E MP  of 

f079.     hy  superior  fnice  we  cuu  reverse  this  prooea«,  and  bj 

lyiiiR  of  yJiK-  atil  phute  from  n  copper  anode  oonvfirt  it  into 

(nilphat*  luid  dL|>ti(iitt;d  wnc.    Heuce  a  Daniell  cell,  when 

.OAteil,  <nii  have  ei  n'vetse  <;tirr<-ut  from  a  dynamo  maohina 

'  tlirougb  it,  mid  Uifrt-Bh  ohiirjj^.    ThiBformof"aooumn- 

"  haa  l>eeu  piujHJHtHl,  but  ia  uot  praotioable  for  reoaona 

IjiH. 

Ifl.  Bevertinf;  to  tho  conditiona  of  I  387,  we  have  oxy^n 

I,  and  this  la  waated  energy  :  it  may  bo  saved  by  using  a 

ite  which  will  absorb  the  oxygen  as  a  gas,  such  as  porous 

;  or  we  can  use  a  material  which  will  absorb  tho  oxygen 

ically  ;  Huoh  an  oleotrodo  oxist«  in  tho  ordinary  manganose 

i  26),  for  tho  itesq  111  oxide  of  manganese  will  t&ko  up  tho 

oxygon  again  >ind  rcfonu  tho  poroxide.     lion  or  oxide  of  iron 

will  uliu)  act  iu  thia  manner.     Lead  is,  howovor,  found  most 

Buitablo,  because,  iu  the  presence  of  etilphurio  acid,  Icml  dues  not 

pass  tnlu  mdutioD  from  tho  anodo  but  formn  jieroxidi-.,  am)  this 

beiug  a  good  conductor  constitutes  ($  »6i)  n  powerful  nogutivo 

oleuuut. 

atJQ.  Zitiu,  in  the  presence  of  acids  or  iilkjilics,  or  of  moat 
metallic  saltti,  sets  up  spontaneous  action  :  thoreforo  tho  next 
•tep  towards  an  Ideal  accumulator  is  to  Eubstiluto  some  metal 


L. 


uot  *o  ftoted  M^n  ;  palltulitiin  hAB  t)io  property  of  ntnorbini; 
ooo  times  its  volume  of  hydrogen,  forming  with  it  a  tni«  alloy 
jn  which  hydrogon  apparenlly  boconiee  a  solid  metal,  and 
oouducte  el(*tricity;  but  for  the  cost  of  jmlUdiiim  this  would 
a  v&liiahle  electroi^e.  Espcrienec  hns  shown  that  Imd  is 
beet  available  niet'il.  and  w*  thiin  oomo  to  two  plates  of  lead  ; 
a  solution  of  sulplinric  iwiil  in  whi<;^h  water  is  eloptrotysod,  the 
oxygen  formitig  peroxide  of  lend,  vfhilc  tho  hydrogen  is  partly 
ooolud«id  in  the  poroii*  lend  Mirfitce,  and  partly  employed  in 
rednoing  loud  from  it«  coraptinnds. 

290.  A  slight  review  nay  now  fix  in  the  mind  the  principles 
involved. and  the  reUtions  hitween  -primary "and  "secondary'* 
batteries.  In  §  165  we  have  seen  that  tho  EMF  oHginal«H  in 
tho  attraction  of  sine  for  the  sntphurio  radicjil  of  the  acid,  wo 
have  also  Boen  that  oxygen,  &e.,  at  the  negative  plate  increiutrs 
the  foree.  Generalijiing  tlii»  liy  the  aid  of  Fig.  34,  p.  104,  we 
see  that  there  exists  an  altruclion  Iwtween  the  +  pinle  and  tbe 
—  rndioat  or  ion  of  the  electrolyte,  and  between  the  —  plate  and 
the  +  radical.  The«e  +  and  —  properties  and  their  consequent 
altraotii)iiB  may  lie  inlierent  in  tbe  sulisUnoeit  ur  rauy  lie  pro- 
duei'd  temporarily  hy  means  of  electric  energy.  In  the  ordinary 
iMittery  the  auperior  +  quality  of  the  Kino  sets  up  the  condition 
of  polarixatiou  and  render*  the  othtr  pinto  —  in  condition, 
in  )M>Iar  order,  and  attractive  power,  allhtwjh  iu  otrn  nature  a 
+  at  telateA  to  the  add,  liut  +  in  a  lower  degree  than  eiiic  18. 

agi.  If  then  we  uh6  two  plates  equally  +  by  nature,  two  rtnc, 
two  ixip))er,  two  platinum,  wo  have  no  pulariEiug  force  iireaent: 
bnt  if  by  any  means  we  set  up  differential  attractions  at  the 
platen,  tbe  foroe  Qonies  into  esinlenee.  If  we  inseit  an  eleutrio 
aouroe  in  the  oirouit,  we  polar/.ie  the  two  plates  in  op)«jaite 
directiona,  and  give  them  this  differential  atti-action  for  the 
ioua  of  the  electrolyte,  to  an  extent  depending  on  the  EMF. 
Asain.  if  wti  modify  tho  plates  by  coating  them  with  different 
HuliHlauei-H  the  same  offeot  is  produced.  If  one  platinum  plate 
ia  lifted  and  exposed  to  tlie  air  itn  attraction  for  hydrogen  ia 
inoreaaod  by  the  film  of  oxygen  absurbt-d. 

J92,  If  we  pa«H  a  current  thnnigb  two  platinum  platea  in 
acid,  wo  eoat  them,  one  witli  hydrogen,  and  tho  other  with 
oxygon;  theae  two  films  now  lieiiune  active  age  uta,  and  their 
atlTuclion  for  oaoh  other  reueling  auro«s  the  eloetrolyto,  seta 
Up  polarixation.  The  same  reaiilt  follows  from  tho  preitonoo 
at  the  two  plates  of  any  oth«r  sulwtanues  having  affinity  for  each 
other,  a  condition  ncoesaurily  set  up  by  any  oleotrolytio  action. 
Thus  with  lead  plates,  the  hydrogen  I'ednota  any  oxide  and  is 
partially  occluded  in  the  load,  producing  a  +  plate  of  lead  and 


hyilrojj;<:n,  repraWBttng  tlio  xiiic  nt  tyrAtnuTy  1iit(t(.Ti«« ;  tlifi 
oxygon  prodnOM  poroxidv  of  luud,  re|>n.-»ontiiig  thu  uitric  acid, 
or  other  uxidnnl. 

]9j.  It  in  iiiiporbint,  at  tllU  stuftu  to  urnid  noine  ouufasiOD 
ttlxiiit  polen  Mid  vlaUn.  Th«  Nitiic  ti-rtiiH  and  tlii-  wtino  ideu« 
<tu^}it  t<)  Id*  iiMMi  ill  iKitlk  IciiidH  <if  Inttury  i  in  tlii*  |)rliuary 
b«ttrrjr  t3io  term  platr  Biiil  it«  dinnicUT  an  +  or  —  refent  exclu- 
virdj  to  ito  ndntion  to  tLu  clvctnlj'te,  uid  to  <Urocliou  of  the 
OdiTvnt  wi'Uin  the  iHtUKry, 

Th«  t«rm  pole  Mpplivs  to  tlie  diraotion  of  currant  oulatda  the 
>wl(<:r7  i  167.     Bnt  in  tliu  venMiiiury  WttOTy  tltu  reUtiou  of  the 

Sittitai  to  till.'  liiiuid  uhuigcH  according  a*  it  iB  oharginK  or 
iKcharginK :  iu  the  uharging  pi-riod  it  in  tiat  n  batiery.  but  a 
decoinpi«iti(jn  onll  or  a  vallunii-tcr.  I  liaw  eiiduuvoured  to  §bow 
thou.!  rKliitiotiM  in  >  diaf^raui,  in  which  tlio  anowa  of  th«  Uppor 
pan  atiow  tbti  currtMttM  of  dinctutrKU.  and  the  lower  ones  that 
of  the  oharging  [Kriud:  the  amal]  inlvrnal  airon-a  show  th« 
direction  of  tliv  iona  of  tbo  oleolrolyte  during  the  two  periods. 
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+    Polo    > > 
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->  l-olu  - 


■*■<-< 

Seeoiiiliu;  aetloB 

Frimar;  iclioii 
Chugo. 

AaDds 

> > 

A 


ConaaL 


^ 


< < 

nnioTad  from  idkbs 

> >{+-)< < 

Cii}-f!cii  II}'tlri>|t«n 

<—<   (-+)  > > 

i > 


T 


CunmL 


■< 


Mb  +  (-  amum  'f }  -  Pota. 


<-<  V 
Smondiiry  nrtJoD. 

primuT  kctioD. 
ChaiK*- 

Oalboda. 
> > 

-T 


J94.  There  In,  however,  a  tondenoy  to  call  that  |jlute  -f- 
which  i«  ixiniic-ct«d  to  the  +  tx''**  "f  ^^'>  aource  in  ohurging,  and 
which  iU-^lf  fiiriiiB  tlif  +  jo.h.'in  dinrhargiii(r. ihat  is  the  left  niile 
plato  ill  tin-  diuKDkm,  wliich  in  the  iH;r(ixiilu  i)lat«.  Praft-iiHoi's 
AyrUJii  iin-i  Perry  have  ttdopU-d  this  conrHP.  as  dw§  Sir  D. 
tJaloiiumH.  wiib  sume  hcsiration,  in  his  work  on  AcciimulatoiK  ; 
other  aiith'Titiea  rererec  the  name*. 

Tho  K.  P.  tj.  Co.  colonr  the  polo  of  tli«  peroxide  pUto  red,  and 
nMk  of  it  uH  lUo  positive  pole,  and  it  ia  not  unlikely  that 
tooreiTiBy  uriett  a  generHl  practiocof  coluuriug  iho  ti^rminala,  and 
aloo  tliu  oxtiduotors  ol'  tho  circuits  on  soiuc  fixed  phtn  which  vrlLl 


I 


1£8  SB0O)fD.iST    BATTIiRIES.  [39$, 

prttutiaillydisponsa  with  the  coufiisioti  over  positiVBftlldliegatiTO. 
Tli«  editor  t>f  th«  •Eleotnt'iaii '  suggests  "  Tlio  PoaitiTA  pUta  of  a 
ljutterv  is  picii)orl3'  ao-ealled  beoaum-  it  In  PeTOxidiKed  ati<i  Pluin- 
oolourwil :  tlio  iVegiitive  I.latl^  on  the  utLer  hiiud,  m  of  u  JVeutral 
colour,  and  iit  iVot  oxidiEed." 

29;.  At  all  events  if  a  secondary  battery  is  connected  to  the 
Buuroe,  aud  an  estemal  circuit  ia  also  connected  juat  as  shown, 
the  [il.tte  A  becomes  a  constant  -|-  pole  to  this  eitenml  circuit: 
hut  a  com |>1  teat ed  set  of  coudittonH  arise:  in  fact  ihc  cell  and 
the  (luter  circuit  act  as  derived  circuits  to  the  source,  and  it 
depends  npon  relatiyo  forces  and  rcMiHtances  what  course  the 
current  takes  :  no  current  enters  the  colts  unless  the  conditions 
ftre  such  that  tlio  diiferencc  of  potential  set  up  between  the 
plates  A  B  exceeds  the  EMF  the  cell  itself  could  ji^enerato, 
tliererore  if  the  external  circuit  were  one  of  small  reHislaiioe, 
the  Gurreni  might  aIto(;cthcr  pass  to  it :  if  the  exteiTial  circuit 
is  broken,  the  cell  receives  charfje  from  the  source,  and  ou  th* 
circuit  being  closed  the  source  and  the  cell  act  together  in 
sendin)^  current  to  it.  In  this  way  a  secondary  cell  would  act 
M  a,  true  ftccuniuiator,  and  fulfil  thu  Fmiotions  of  n  fly-wheel  in 
mcclianiHtu.  This  is  prolialily  the  true  UBO  to  which  secondary 
liatteries  will  lie  mainly  applied.  But  in  most  oases  antomatic 
commutators  would  he  required  to  vary  the  ccinnccUons  to  suit 
the  i^antring  conditions. 

J96.  HiSTOiiv.^The  reverse  current  from  the  plates  of  a 
voltameter  wuti  first  ohserveil  in  i8oi  by  a  French  choiuisti 
Uauthorot.  The  name  olistrvution  was  made  in  i9oj  io 
Qormany  by  Hitter,  who  made  a  pile  of  plati^  of  gold,  sepa- 
nttcd  by  cloth  moistened  with  acid,  and  subjected  to  the  action 
of  B.  Tolta's  pik-  of  aiil1i(.-icnt  iiUtes  to  send  current  through. 
The  first  theory  was,  nBlurally.  thnt  the  oleotric  fluid  was 
soaked  up  by  the  plates;  that  it  was  uu  action  of  aurfiiccs 
reoeiviug  charge,  and  that  the  secondary  pile  was  aualugone  in 

I  its  aotiona  to  a  oondenaer. 
The  ohumints,  and  notably  Boequerel.  soon  traced  the  anitnn 
by  means  of  saline  dolulions  to  the  presence  uf  ueid  and  nlknli 
at  the  op|x>site  plates,  and  in  dne  time,  the  diseovcry  of  Grove's 
gna  battery  convinced  the  scientific  world  that  the  return 
ourreLt  was  not  dne  to  an  aoeumulatiou  of  ehe(riati/,  but  to 
the  presenco  of  substaneca  having  chemical  iiIHuitit'H  to  each 
other,  derivud  from  the  previous  decompositiun:  and  that  the 
oonuter  current  was  generated  ou  tlie  same  principles  as  that  of 
the  ordinary  galvaiiio  cell :  it  was  merely  a  different  mode  of 
chargiuj^  a  coll  wilh  ita  active  in(iro(lient«. 
297.  The  subject  was  studied  by  luany,  and  ueairly  everything 


that }»  known  nvtn  now,  was  discovered  long  ago;  Imt  it  wbs 
siuiply  »  matter  of  HoientiCIo  JuteroHt  and  theory  with  tho 
noaribiltty  of  nomo  very  Umitetl  applicatioiiH.  Among  those 
Mr.  Cromwell  F.  Varlt-y  employed  a  m-ritw  of  Blnn  and  cnrbon 
plnt4-ii  m<>miiniilix«il  (thu  Mani>-Davy  cell,  8  12S,  n^vprawl)  to 
taki!  a  kIow  cliarge,  and  deliver  it  □»  lu  a  nhort  xtmng  current 
for  Mending  tinte  kif^iftlB-  tu  1861  Kirohoff  dciviHc'd  thu  furm 
whirh  id  tJif  liasid  of  the  latent  improvement,  p<:^roxidu  of  loitd 
oppOHcd  to  »|H>ii^'  leiul. 

2^8.  In  1859  Gaston  Plants  fonnd  that  thu  IhwI  nfieot  wna 
prfKhiwd  by  two  iihtwts  of  lead  in  dilute  ^ulpliitrio  add:  ho 
w<ffkiJ  irtit  a  svBtem  of  fonnation  by  whioh  ho  ftreatlv  inoreaaed 
the  eaiHicity  of  tlio  plates,  and  pubtisheil  to  the  world  a  number 
of  highly  interesting  seientifio  resnlts  obtained  by  a  great  serica 
of  hiH  fells  with  the  aid  of  aubsidisry  appliances  for  convertiiig 
mnvn  into  multiple  aro,  and  witb  condenser  platea  cbargod 
from  the  aocumnlators,  by  means  of  whioli  the  energy  derived 
front  a  ouuple  of  Itunsen  cells  was  enabled  to  produce  effects 
wliieh  would  have  required  thoiisandK  of  sueh  cells  in  series  to 
produce.  M.  I'Untfi  sliidicul  tho  Kiihjopt  o^chAiiMtiroly.  liiecoverod 
pretty  well  all  thero  in  to  know  alwrnt  haul  iwwuidary  lotteries 
«nd  pabtioboil  it  to  the  world.  Iln  is  a  striking  instanoo  of  a 
m&n  doing  thoroughly  good  work,  and  doing  it  with  little  profit, 
while  others,  taking  np  hia  liibours,  hiivo  ])Utcnt<.Hl  ever^rinuigiil- 
abl0  variation  in  ihc-  form  and  amingunicnl  of  his  battory  and 
obtainod  in  Home  [Viaes  large  sums  of  money  therefrom.  But 
Flant^'s  namo  will  he  associatud  with  the  aeotjndary  battery 
when  ihase  arc  all  forgiiltun. 

399.  iloal  interest  in  the  storage  battery  dates,  however, 
from  May  1881,  when  Sir  W.  Tliomsuu  imlilitihud  a  letter  in  tha 
'  Times,'  annoiincinK  his  posasesiou  of  &  "  marvellous  box  of 
electricity,"  In  whidi  "  a  million  foot-poutnbt  of  energy  "  had 
tnivollcd  from  Parts  to  Glasgow,  aud  whioh  Ixix  was  stated  to 
be  tho  "praotieal  fiuilion"  of  electric  storage,  and  was  to  do 
•*  for  tho  L-luetrio  light  what  a  water  oisterD  in  a  house  does  for 
ftu  inroiiKtiint  water  8upi>Iy."  The  public  and  the  gi-neral 
prem,  ignorant  of  the  fact  that  the  large  sounding  railUou  foot- 
pOundM  only  represented  the  potential  cuergy  of  about  t^ouuoes 
of  coal  or  the  energy  developed  by  an  ordinary  steam  engine 
with  I  lb.  of  coal,  became  greatly  excited,  and,  in  no  great 
time,  tint  million  foot-pounds  were  convorted  into  a  million 
pounds  sterling  (more  or  less)  to  bo  invested  in  the  invention. 

)00.  The  wonderful  box  of  electricity  consisted  of  lead  plates 
coated  with  a  paste  of  rod  oxido  of  load,  minium,  held  to  tha 
anrfaco  by  means  of  a  wrapping  of  fvlt.    It  was  in  fact  a  Fhuitv 
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battery,  npou  which  M.  Funre  Lad  applied  this  onating  hi  imW 
to  arrive  at,  i.  a  quicker  result  hy  duiug  away  with  thi^  mied  of 
the  proceea  of  "  formation  " ;  i,  a  greater  oapaoity  in  tliu  sitmu 
epuoe.  by  uiuans  of  the  larger  Imllc  of  tlie  oxide  ready  f'lr  iin- 
luodiale  aotieii.  Tlieu  followed  a  host  of  "  iuventionn,"  some  of 
whicli  were  asaociated  with  the  firat.  directed  Ui  i,  aeouriug 
the  contact  and  adheaiou  to  the  lead  plates  of  ihe  ujiongy  inasu 
of  oxide  :  a.  obtaiuiug  the  apou^;v  uiaas  from  differeut  luatL-nala  : 
and  J,  of  developing  rhe  original  Plaiite  eyatem  and  enlar>;in|; 
the  surface  of  the  lead  in  a,  given  space.  A  few  have  attempted 
other  substances,  but  so  far  experience  coulirms  M.  1'lanti.^'s  own 
experience,  that  nothing  is  practically  so  good  as  the  two  lead 
surfaces  in  acid.  But  the  storage  battery  is  still  a  very  long 
way  from  fulfilling  its  promises,  though  it  docs  good  work,  and 
may  be  expected  to  do  much  better  when  the  earlier  patents  no 
longer  stop  the  way. 

For  obviona  commercinl  reaeons  the  ordinary  Plants  fi>rni  is 
rarely  muide  for  side,  becAUae  any  one  can  sell  it,  and  it  has 
disadvanljiges.  Jtiit  as  my  readers  are  largely  of  that  cliu-m 
wLo  like  to  muke  their  own  iippiiraiiis,  I  nhall  expluiii  tJm 
NAture  of  tliitt  dmplo  ferm,  ihe  priuciples  of  which  umlorliu 

1  the  uthera.  Alao,  whore  sjiaco  and  weight  aro  uut  nerioiitt 
'fiouaider^tioua,  I  bdii've  it  will  lie  found  that  thin  earlictit  luid 
simpkot  type,  the  plain  sheet  of  Icjid  with  thiu  active  films 
formed  npou  it,  will  be  found  very  eftioienL 

lot.  (hmtmclion.  The  early  forms  cousisted  of  two  thin  sheets 
of  lead  witli  felt  or  other  porous  matovial  between  them,  rolled 
into  a  cylinder,  and  placed  in  a  jar.  This  malce  may  have  its  uses 
for  amateni's  on  the  small  scale  ;  but  if  adopted  iho  felt  shoxUd 
be  replaced  by  strips  of  vulcanised  rubber  placed  diagonally  and 
in  onposite  diiections,  between  the  two  sheets,  so  as  to  support 
the  lead  in  a  sort  of  lattice  work. 

lot.  Flat  plate*  are  luuch  the  best,  the  alternate  ones  cod- 
neoted  together  no  that,  whatever  the  number  of  plates,  thoy 
act  as  one  pair  of  plates  in  each  aeparate  cell.  The  best  way 
to  cut  the  pUtcs  is  to  make  ihem  in  pHirs,  (bat  is  to  cut  tlie 
lead  first  into  pieces  twice  an  long  as  the  intended  plate,  and  on 
incli  wider ;  mark  the  middle,  then  cut  down  to  this  mark  from 
the  opposite  ^idea  nt  tho  two  ends,  loiving  the  extra  strip,  and 
botwni;ii  these  cnt  along  the  mark  ;  this  gives  two  plntiu,  eiioh 
provided  with  n  long  connecting  atrip  forming  part  of  iiself :  it 
i>  better  not  to  tnuke  the  cut  a  ahurp  angle,  but  to  curve  it 
wlietu  the  strip  leaves  the  plate. 

to).  The  plates  are  to  be  arranged  in  the  vessels  with  th« 
illripH  alternately  un  each  side,  and  with  one  plate  more  on  oam 
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aide,  for  tbe  afioiigj-  load  plnie,  as  onljr  one  Bido  of  tho  out«r 
pUtea  U  noted  on. 

The  alripa  on  fiach  aide  are  Ui«n  to  hv  all  broiiglit  together 
and  firmly  clumptid  with  a  oouncotion  to  onit^:  the  cdU  togutlier. 
It  is  eveu  bettor  to  tin  the  strips  and  Holder  thom  together  with 
a  couneotitjg  strip  of  tinned  copper,  aud  theu  to  thoroughly 
vamiah  them. 

'I'he  pl&t««  oan  he  auspeuded  either  by  a  rod  nmniiig  throngb 
tlie  jointa  of  the  ctriiiiii,  or  by  a  oroaa  bar  of  ebonite,  or  well* 
pnrafiiDed  wood,  fitted  iiDd«r  the  joiuta,  and  xupportiiig  both  seta ; 
they  should  luuveaoIeu'Kpaoeof  t  or  ziiiohetiiu  tho  veaael  below 
the  platoe. 

}04.  Tb«  lki<Jmfa»  of  lh»  lead  oiuat  be  anfficient  to  bear  itaown 
weight  and  tlie  slrniua  put  upon  it  after  uae ;  tho  peroxide  plate 
should  theiofure  beahuat  double  aa  thick  as  tho  other:  in  large 
batu^riea  lead  i  millimetre  tJiicb  ia  used,  which  ia'ojgi^  inch, 
or  about  it  aheela  to  the  inch.  One  square  foot  of  load  ■  inch 
thick  weigha  ^9-  r  lbs.,  therefore  this  would  be  about  3^  lbs.  leftd. 
Tlw  nnaUer  cella  are  made  of  lead  little  thicker  than  that  pn- 
pared  for  damp  walls,  which  i^  about  4  to  ;  ounoo*  por  foot. 
For  ordinnrj- purposes  it  is  probable  thut  sheets  of  1 J  Ih.  and  1  lb. 
would  be  most  advantageous,  with  the  formatiou  carried  so 
far  ON  to  convert  ^  lb.  of  tho  luad  per  foot,  to  poroxido  on  the 
Ono  plate.  Uut  for  heavy  work,  and  where  first  outlay  ia  not 
of  momoQt,  4  lb.  and  }  lb.  lead  ia  the  best  and  cheapest  in  the 
long  nin. 

}o;.  StparoUng  itrtpi  are  desirable,  and  may  be  of  paraffined 
wood,  indin-rubber,  or  any  conveniont  nou-ooiiduutor.  In  tho 
heavy  grids,  porcoUin  Kttida  are  iisod,  and  a  oonvuuioiit  iinpara- 
tioD  may  be  adapted  to  plates,  by  outUug  at  regular  inturvula, 
on  the  spongy  plate,  holen  luilf  an  inch  long,  aud  a  quarter  wide, 
spaced  exactly  alike  on  all  tho  pi utea.  and  putting  in  tliem  H 
pieces  of  thick  india-rubber  an  inth  long,  with  the  oroas  piiM^ 
half  an  inch  long,  so  ub  to  lill  the  holes. 

'i'he  whole  set  of  plates  should  be  finnly  bound  togotber.  with 
supporting  strips  of  wooii  so  as  to  be  placed  in  or  removed  from 
the  cell  conveniently. 

joS.  SpoM  for  acid  must  be  allowed,  auffidsnt  to  effect  the 
action,  therefore  the  distance  of  the  plates  mast  bo  property  ad- 
justed :  circulation  cannot  be  depeuded  on.  but  the  Ixiltom  of  the 
plated  should  have  a  space  below  them,  and  th«ir  tops  should  be 
under  the  liquid,  in  order  that  the  heat  and  osoape  of  gas  may 
producu  a  current,  and  draw  the  external  acid  between  the  plates. 
One  pound  of  lea<I  requires  J  lb.  of  acid  toconvert  it  into  sulphate, 
and  as  by  the  proportions  given  above  there  woald  V«i  ^j  Vft.  ^ 
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]«ul  to  be  converted  p«r  eqnaro  foot,  this  requires  space  for  V  lb. 
of  ucid,  wMcb  would  bo  contaioed  in  a  space  of  i  of  an  incli 
between  the  plat«s.  Even  lar^r  space  is  doeirablc.  In  order 
to  prevent  the  apnrtiDg  of  acid,  it  is  woU  to  provide  eloping 
plutce.of  glasN  above  the  plates,  snpported  by  «  bar  crossing  the 
middle  uf  the  cell.  Anolhor  plan  u  lo  pour  melted  parat^  on 
the  liquid,  so  as  to  form  a  solid  covering  ;  oil  haa  also  been  uaad 
bat  does  not  altogether  stop  the  spurting. 

J07.  Graining  vestcU  may  be  of  any  suitable  material,  but 
^au  baa  the  great  advantage  of  permittiug  the  action  to  be 
mtobed :  if  lead  vossele,  or  wood  lined  with  cement  or  other 
opaquo  vessels  are  ui^ed,  they  should  bo  covered  with  sheet  glaHS 
for  this  reason.  Tbey  must  not  be  entirely  closed,  because  gasen 
are  generated  and  niust  be  allowed  to  escape ;  tbey  should  not 
bo  uncovered,  in  order  lo  resist  evajwration  and  also  for  preven- 
tion of  dirt  which  would  lie  likely  to  result  in  short  circuiting 
the  plates,  a  thing  very  likely  to  occur  and  obviously  iujunous 
to  tbe  working. 

}oS.  In  jiumnting  hatterie*,  great  care  should  be  taken  to  insulate 
them  thoroughly :  tbey  should  not  stand  on  a  floor  or  shelf,  but 
on  a  iVame  of  two  bars,  thoroughly  cemented  with  pitch ;  the 
cell  should  not  even  stand  directly  on  these,  but  upon  insulating 
feot,  themselves  sliding  in  »  cup  of  reein  oil.  This  care  will  be 
well  repaid  by  economy  in  working,  and  general  satisfaction. 

^09.  Tht  ttreitf/th  0/  the  acid  varies  during  tbe  action,  becoming 
strongest  when  ttie  charge  is  complete  and  one  plate  is  converted 
into  spongy  lead  and  tbo  other  into  peroxide:  when  discharge 
is  oomploted  a  great  part  of  the  acid  is  absorbed  in  forming 
sulphato  of  lead.  Several  cousoquences  resnlt:  i,  the  resistance 
ol  <ho  battery  is  lowest  just  when  its  K  M  F  is  highest  and  eiee 
vtrni ;  where  tbe  material  counsls  of  a  porous  mass,  contain- 
ing liquid  confined  among  its  interstices,  tbe  acid  may  bo  ex- 
bnnet^l  long  before  tho  material  itself.  As  a  consequence,  a 
ooll  containing  u  targe  mass  of  active  material  may  bo  able  to  do 
but  little  work:  thisdeftctis  alsoantu^cumulativo  one  ;  portions 
of  the  moss  beoomepracticallynoo-conductingand  insulate  other 
portions  to  which  the  acid  has  acci.'i(s,  because  in  very  dilute  acid 
^_  iD*tettd  of  tlie  normal  sulphate  PbtjO,  there  is  a  tendency  to 
^^L  produce  the  liasio  sulphate  PbSO,  +  PbO  which  is  not  readily 
^B  reduced  by  hydrogen.  The  simple  Plants  form,  with  its  thin 
^H  film  of  active  agents  presenting  a  large  surface  freely  bathed  by 
^H  otrculaliug  liquid,  is  not  subject  to  this,  which  is  t^e  causo  of 
^B  the  l^ureof  many  of  (he  patented  batteries.  Tbe  practical  ofi'oot 
^B  ia  that  tbe  cells  ahuuJd  contain  an  ample  supply  of  liquids,  and 
^H      every  facility  should  be  given  to  circulation, 


J,2.] 


CUQflCAL   RCACriOtlS. 


lU 


^ 


IIO.  TTu  ekrmirnl  Of  tinnx  rart/ witii  tho  Mtrftngll)  of  tlic  ndd, 
niid  it  i»  foiinil  that  tlie  Itcst  streiigtli  correapondB  to  a  sp. 
gr.  I'lio,  tmd  th«  striMiglli  BhonW  not  bo  nllowwl  to  go  liolow 
I  "150.  A  hydrometer  givi-8  iu  fact  the  oleHruri  guidance  to 
tho  oondition  of  the  buttery,  and  its  in  rugiilur  nso  in  all  prao> 
tical  opentions. 

jbtflMte  of  toia  was  added  to  the  nohitiim  by  Mr.  l^urber 
Sturkey,  and  ii  Btrongly  advocated  by  Mr.  Pri^ec-e  on  a  proveti- 
tivfl  of  mlphating.  The  i«>tiilioii  he  finds  tho  best  i«  13  fluid 
on&ccfl  of  enlphuric  Hcid  luldcd  to  a  quart  of  satiinitt^  Bolution 
of  oommoD  irashing  eoila  well  atinwl :  i  part  of  this  added  to  19 
of  water,  and  5  of  eulphiiric  iicid  gtvos  the  working  eotutlon  of 
«p.  gr.  i-iio. 

jli.  FouMATioti. — In  all  foroiR  nf  the  lead  secondary  Iwtlcrv, 
the  o§Bcnti«l  point  i»  the  presence  at  the  one  plat<i  of  •  iiHpply 
of  peroxide  of  lond,  in  qaantity  adequate  to  tfie  work,  in  eonnition 
to  do  it  cfiVsctivcly  ;  the  difficulty  is  to  unite  theeii  two.  \\  hco 
•  onrront  is  lirBt  jioesed  betwinm  two  sheets  of  lowl  in  milphuric 
■cid  nudor  an  I')  M  F  of  i  ■  5  volta,  a  thin  film  of  brown  fioroxido 
of  Iliad  formx  on  tho  anode;  then  oxygen  esouitos  and  no  mora 
peroxide  forme:  the  reason  is  that  ttic-  peroxide  being  a  cva- 
dnctor  of  electricity,  tfae  nctiun  occurs  at  its  suifuou  in  contact 
with  the  liquid,  and  this  surface  can  undergo  no  ehaugo  by  the 
oxygen  generated  there.  Only  a  very  smallcharge  can  bu  stored 
or  given  up  a«  a  current.  If  at  this  stage  the  current  is  reverHcd, 
firit  the  peroxide  is  reduced  to  lead,  which  ia  in  a  more  jioroiM 
stitte  than  nt  lirat,  and  a  thin  coat  similar  to  the  first  is  pro- 
duced on  the  other  platen  A  fieah  revenial  allowa  a  largi-r 
■luantity  of  peitixidv  to  be  pTuduood  ou  the  first  plate  becaiiHU 
ttci  granular  state  pn-eents  a  larger  surface  and  holda  acid  within 
ita  pom.  After  a  few  such  reverwlii  the  limit  of  this  incn^aBU 
18  leaohed,  and  then  it  becomes  necessary  to  allow  a  period  uf 
not  ftfter  charge.  Now  loeal  actiem  occurs  between  the  surfaces 
of  leftd  and  lead  peroxide  in  contact  in  presence  of  acid  :  the 
■amfl  oonditions  existing  there  as  enable  the  two  separate  platc« 
to  gfinerate  a  current. 

J I  a.  This  action,  the  source  of  tho  E  M  P  of  the  suoondary 
battery,  is  the  tendency  of  the  second  atom  of  oxygen  in  I'bOj 
(wliii^  atom  baa  iu  fact  been  forced  into  the  molcciilo)  to  pane 
ovor  to  the  lead  surface,  and  there  produce  the  more  normal 
protoxide  PbO,  thus  rendering  both  siirfacos  alike:  other 
actions  follow,  hut  this  transfer  of  oxygen  from  the  i)croxide  to 
the  lead  is  the  essential  action.  But  this  occurs  in  the  presence 
of  tralphnric  acid  which  anitce  with  the  newly  formed  protoxide 
of  lead,  producing  sulphate  of  lead,  in  a  white  film  ituu\\xVAi^  \ti 
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the  acid.    We  have  in  fact  first  Vh  +  I'l.O.  LecomiiiK  PbO  + 
PbO  and  theu  PbO  +  H38O,  becoming  TbSO,  +  H,0. 

;  I  J.  Reduction  0/  trad  suljihate. — On  now  reversing  tlie  current 
the  spongy  films  of  perosiiiu  aud  sulphate  of  lead  are  penetrated 
with  aciil,  which  therefore  is  iu  contact  witli  ihu  lead  eurfaoo, 
and  when  dtwompoaed,  jireaeiita  its  iiydrogeu  to  the  Holphate  of 
lend  which  is  reduced  lo  lead  iii  a  Hpongy  condition.  This  de- 
ronipiiBition  of  lead  sulphate  was  doubted  at  first,  but  it  is  th« 
baois  of  the  action  of  the  dulphati-  of  lead  battery,  5  2^^,  well 
known  for  many  years,  Measrs,  Oladstoue  and  Trilio  proved 
that  when  two  jilateit  ooalL'd  with  PbSO,  have  current  [lasiied 
between  thimi.  not  only  ja  the  lead  sulphate  on  the  cathode  or 
— plnte  reduted  by  hydrogen  to  grey  siwugy  lead,  PI1SO,  +  H, 
=  Pb  4-  HjSO..  but  that  the  o^geu  converts  that  on  the  aiiodo 
lo  peroxido,  PbSO,  +  O  +  H,0  -  fbO,  +  U,80„  regenerating 
the  acid  at  the  same  time.  Since  then  there  have  been  many 
dixcnsaiuns  about  the  reaction,  and  many  different  ojiinionB  ex- 

JircKSud  as  t.a  the  nature  and  order  of  the  changes  whioh  occur 
luring  charge  and  discharge,  bnt  it  appears  that  the  true  action 
ia  that  dceoribod  above — the  transfer  of  oxygen  through  the 
agency  chi<'fly  of  lead  sulphate. 

PA  sericB  of  such  rcvei-eals  therefore  convert*  the  surfaoea  of 
the  leai.1  plates  into  a  iua><a  of  spongy  lead  capable  of  ready  con- 
version into  peroxide  of  lead.  But  this  mass  of  spongy  lead, 
and  also  the  peroxide  coating  ite  eurfaces,  is  in  actual  molecular 
contact  vilh  the  lead  plate  itself  -.  it  is  not  merely  in  mechanical 
ooutact  vith  the  lead  plate,  but  an  actual  part  of  the  plato.  It 
la  in  this  Citct  that  the  principal  advantage  of  the  simple  Plants 
oonsista:  but  the  same  chemical  principles  apply  to  all  oth«r 
forms. 

314.  Time  of  formation. — The  directions  of  Plants  are  to  effect 

uxor  eight  icver*als  of  curient  the  fi tut  day,  prolonc;iDg  the 

snoocssive  charges :  this  is  to  be  continued  the  next  day  till  the 

duration  of  ust-ful  ohurging  becomes  a  couple  of  houra  :  at  this 

limit  it  becomes  necessary  to  give  intervala  of  rest  between  the 

charges,   during  which  the  local  action  deseril>ed  S  Jii  ttkkea 

place  ;  these  rests  require  gradual  prolougation  to  several  days. 

When  the  cell  approaches  its  intended  limits  of  capacity,  the 

completion  of  its  formation  can  go  on  gradually,  during  actual 

work. 

^  )]  5.  Heat  asaiata  the  formutiou  and  rudueea  the  time  required 

^L      for  the  (irocL'sa :  therefore  during  tlie  charging  the  temperature 

^H     may  be  raiec^d  to  160^  Fahr.     But  hoat  is  objectionable  iu  actual 

^B    irorkiiig,  because  it  facilitates  the  oxygen  and  hydrogen  assum- 

^M    ing  the  gaseoos  state  and  going  off  to  waate. 
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Akohol  tvlded  to  the  extent  of  5  p«r  cent,  to  the  acid  iolatioD 
in  uid  to  aiwiat  th^  formation. 

Nilrie  acid  in  woojumended  by  Plants,  who  Bays  that  by 
Boftking  the  pl&fea  for  aome  honrs  in  nitno  »cid  mixed  with 
eqoal  volume  of  water,  he  groatly  rwiiicwd  the  time  of  forma- 
tion. The  effect  is  to  prodoco  a  porous  surtaoo  more  qniokljr 
Mted  upon. 

Amaltjamati'm  of  thi  lead  has  been  employed  and  is  patented 
by  Pagvt  lliggfl,  who  claims  its  first  iiiw.  It  ia  by  no  means 
clear  that  it  tn  an  advantage  in  the  Plnnto  form,  though  it  is 
said  to  be  useful  in  the  cam  of  grida  packi^id  with  oxides. 

Suljitiale  of  manijanete  in  small  quantity  is  also  said  to  assist 
the  fonuatiou. 

^rfi.  Modijleafiont  of  Planlfi  battery  havo  boon  devised  in 
gruat  numberii.  Sumo  havi^  packeil  the  spaces  in  ajar  ooutain- 
iiig  a  porous  oell  with  granulated  load,  or  fibrous  lead,  or  sheet 
lead  out  into  narrow  strips  oxoopt  at  the  top  to  keep  up  coD- 
Dection.     They  havo  nsnally  proved  to  bo  nuisances. 

De  Mmlms'  cell  was  the  first  modification  of  the  FUat6. 
The  platoe  are  formed  of  ihin  shccrtM  of  kwid  pUocd  ono  over  the 
other  like  the  loavM  of  n  book,  rut  off  in  slices,  and  the  end* 
Holdorwl  together  to  unite  them.  Thii  rL-snlt  is  a  blook  of  le«4'^ 
about  one-third  of  an  inch  thick  witli  a  viost  nuinhor  of  slits 
in  which  the  action  is  CBrriod  on.  nnd  which  become  filled  with 
iwroxido  «f  lead  in  the  ouo  block,  anil  spr.ngy  U'ad  in  the  other. 
Tliis  gives  mnoh  conoentnttiou  of  mntc^riiil.  but  tho  fnnnntion 
liiiK  bi  hn  nftncXrA  as  in  tho  Planbl^  whilo  it  in  L'vident  that  the 
a<!tii>u  iH  limititd  by  thi;  amount  uf  liquid  which  piiuetralcs 
liL-twLvn  the  flliiiH  of  lead. 

KahiiJh't  cvll  in  a  modification  of  tliu  Murilens ;  it  oonsiats 
of  similar  platen  bnitt  up  uf  thin  slioot  toad,  but  these  stripM  are 
passed  through  a  pair  of  rollers  which  prorliim  diiigimal  corm* 
giktions.  These  being  interleaved  with  plain  strips,  the  plate  is . 
composed  not  of  sur&oes  tn  close  contact,  but  uf  a  surii-'a  of  small 
tubes  sloping  upwards  and  tending  to  produoe  a  oireulation  of 
the  add  throughout  the  pUte  :  this  appean  more  promising 
than  the  plain  strips,  but  in  uU  likelihood  the  tubes  would  eoou 
be  filled  up. 

J17.  MtttTt.  PiUgerald,  Onyinpton,  and  otbvra  united  in  pro- 
ducing a  battery  plate  conipoeed  of  a  thin  alieet  of  lead  with  a 
coating  of  spongy  lead,  derived  from  the  electrolywia  of  ohkirtde 
or  other  salisof  lead,  submitted  to  a  pressure  by  which  the  particles 
of  lead  are  to  some  extent  welded  together,  and  niiidi-  eoh<rt;nt. 
Tbey  also  used,  as  the  hydrogen  plate,  a  mixture  of  carbon  and 
ndfsad. 


IS6  UTTKBlBi.  [}l8. 

It  ehoiild  be  nnderslood  that  I  aui  deaoribin);  devioM  which 
have  DO  great  practical  aucoeas  for  the  beneSt  of  ozpoiiiuo  titers, 
to  whom  it  Li  on  advantage  to  know  what  others  have  triod.  This 
carbon  mixture  U  r&tber  tomptiiig,  as  carbou  absorbs  gases,  su 
that  it  may  be  useful  to  know  that  it  does  not  answer  at  the 
oxjgoD  plate,  as  Daacent  oxygen  acts  on  thcmost  refractory  forms 
of  carbon,  but  that  it  dues  eeive  a  purpose  (whether  worth 
serving  or  not)  at  the  hydrogen  plate. 

}  i8.  Other  Metalt  have  been  tried,  aud  Qo  doubt  wilt  be  again, 
MO  a  few  words  may  be  useful.  Mr.  Sutton  proposed  a  lead 
plate  to  be  peroiidised  and  a  copper  to  be  alternately  dissolved 
kud  deposited  from  the  sulphate  formed.  I  also  tried  the  com- 
bination of  lead  and  ziuo  at  an  early  dato,  and  Uegnier  has 
claimed  great  things  for  it  since.  But  such  combinations  fail 
on  any  large  scale  for  the  reasons  to  follow. 

Metallic  eululitmi  do  not  answer  in  practice  for  the  reaaoD 
that  I  liavi?  had  frequent  occasion  to  refer  to.  The  action,  unleM 
Tory  slow,  altvra  the  layer  of  liquid  in  contact  with  the  metat, 
which  then  refuses  to  act:  in  charging,  after  the  first  aotioii 
thoro  in  no  mvUlIio  ealt  present  to  decompose,  but  only  acid 
which  gives  otf  giLs,  and  so  ths  metal  deposit  bocomos  Don- 
oohercnt;  in  disobargo,  the  metal  salt  forma  too  rapidly  to 
dinKolvo,  and  crystallisos  on  the  plate. 

Aeid  lolitlimui  other  than  sulphuric  might  be  need  and  no 
doubt  will ;  but  hydrochloric  acid  wh«n  wlectrolyaed  doe* 
not  give  up  H  and  CI  simply,  it  is  utwayH  accompanied  witli 
oxygen,  and  the  result  is  tlio  formation  nut  of  chlorides,  hut  of 
ozyohlorides,  which  are  exceedingly  refractory  in  reduction: 
for  this  reuaen  the  chloride  of  silver  buttery  fails  in  reversal,  or 
else  it  would  constitute  an  odmintblu  storage  battery. 

Alkaline  tohtlians  cannot  be  used  with  lea^l  l)ecauBe  they 
disnolvo  it,  but  they  may  bo  employed  with  some  other  metals, 
M  iron,  which  ut  one  jilnte  would  absorb  EI  and  form  peroxide 
at  tlie  other,  forming  a  battery,  of  rather  low  E  M  F. 

Jig.  Faohe's  BiTrnuv, — This,  which  is  the  wonderful  box  of 
olvotricity  meutionetl  S  ^99.  is  the  I'lante  cell  in  which  tha 
prooess  of  formation  is  nearly  done  away  with  by  coating  the 
niatea  with  11  paste  of  red  lead,  converted  by  electrolytic  action 
into  spongy  lead  and  {>erozide  of  lead.  All  the  remarks  made 
as  to  lc4id  liatterios,  thei«fore,  apply  to  this  as  to  the  simple 
Plants.  It  iH  thcfiinndniiouorall  the  various  forms  of  secondary 
batter^'  whicli  have  lieon  devieed  since. 

At  ^rst,  this  coll  was  tnade,  of  necessity,  with  some  muterial 
Buoh  as  felt,  aslicstos  cloth,  &o.,  to  bind  the  material  to  tha 
plates.     Theeo  »ll  add  to  the  resistance,  resist  ciroulatiou  of 
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liquid,  and  sooner  or  later  rut  &v.ny  and  diiiintenitto.  By  tho 
ooabiuation  of  the  pat«uU  of  Swaii,  Selluii,  and  Volkinar  with 
that  of  Faure.  this  Datter^  aesiuuda  the  form  of  amall  maMiM  of 
the  porous  mut«rial  OODtained  iu  apacoa  iu  \«ni\  ]ilat«n.  There 
are  a  variety  of  meaoa  of  effL-otiuj;  this,  auoh  as  making  the 
plates  of  ail  opeu  network,  or  of  perforated  shuel ;  but  the  whole 
question  reaolvea  itself  into  the  thtokneaa  of  the  poroua  maMrt 
which  can  be  used  to  adranta^ ;  and  its  proportion  to,  and 
offectoal  securing  to,  the  load  conductor. 

jio.  The  B.  V.  S.  Uattii^iiiic^,  made  by  tho  Eleotrioal  Power 
Storage  Company,  are  the  ontcomo  of  thoe;>  roTn'>iiied  patenta 
and  several  years  of  oaroftil  stwdy  of  the  oor.ditinnH  of  working. 
AfUir  many  failitrofl,  they  appear  to  have  arrivett  at^i  piaotioally 
mttBfaotory  coDstmotion,  modiliod  to  «iiit  tho  spAcial  roqnire- 
iBonts  of  various  applioationn.  Tho  list  of  tho  makes  suit«d  to 
most  genomi  work  may  bo  inffnl. 
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llieee  plates  or  grids  aro  rigid  enough  to  carry  tliuir  weight 
without  injury  when  noting  on  suppurta  at  the  iMttom  of  the 
oell :  recent  improveiuents  have  utintiiiiLed  in  increasing  the 
Dumber  and  nclucing  the  size  of  tho  holes,  so  as  to  bring  the 
Aotivo  material  into  closer  eoutaot  with  tho  conducting  plate, 
•nd  In  so  shaping  the  hules  as  to  resist  the  tendency  of  the 

Sllets  to  fall  out.  The  peroxide  plates  are  charged  with  red 
J  and  the  spongy  plates  with  litharge,  wLicb  are  eXeotrolysed 
into  the  projKir  oouditioo.  It  is  found  that  these  oella  give  « 
return  of  current  85  to  00  per  oent.,  and  of  ener^  75  to  80  pei 
oent.  when  proi>6rly  worked.  Aocordtng  to  Mr.  Preece  the 
•ttolency  or  useful  return  depends  very  inuoh  upon  the  rate 
of  disoharge,  which  should  not  exceed  u  current  of  4  amperes 
per  positive  plate.  With  largely  increased  rate  of  dischnrge,  the 
effioienoy  may  CaU  to  6U  per  oeut.,  and  tho  battel^  would  Bufler 
aarious  injury. 

3ii,  Woudvard'i  battery,  introduced  hyHnsare.  Shippoy  and 
adopted  by  Mr.  Oroiupton,  comusta  of  a  grid  of  load  oast  ution 
a  mass  of  large  crystala  of  salt,  so  as  to  create  a  honey-ootubed 


NtnKiture,  whiot  m«y  be  either  fonutid  as  in  j  3 1 1 ,  or  charged 
with  lend  ozideH.  Hr.  Crompton  states  that  he  can  obtain 
without  injury  a  current  of  q  or  10  amperes  per  aquare  foot : 
but  llie  time  of  disohar^  depends  so  largely  upon  the  gross 
■jiiantity  uf  active  material  that  ia  not  easy  to  fairly  compare 
tliffe relit  makes. 

J33.  Lilharuide,  described  S  jo9,  loakes  an  excellent  ptate 
in  secondary  batt<.-ritB,  and  is  more  especially  adapted  for 
small  portable  cells,  where  it  is  cluae  upon  perfection  :  it  would 
be  so  for  large  cells  also  if  tho  conoectioD  to  it  could  be  made 
of  lower  resislAuce. 

jaj.  Cufaeifi),  oT  relation  of  work  to  weight,  depends  upon 
construction  a>i  well  as  upon  mftterials.  Mr.  I'reece  says, "  I  have 
had  n  coll  (Fitzgerald's  Lithanode)  which  gitve  a  return  as  high 
ax  ;*7  ampere  hours  per  lb.  Tho  average  E.  P.  S.  coll  gives  a 
cii{iacity  of  4  ampere  hours  per  lb.  of  plates  complete,  while  tho 
Flant«  type  rarely  exceed  2  aiupcre  hours  per  lb."  Litlianode 
itiielf  bas  a  capacity  of  about  1  ampere  hour  per  ounce. 

J  J4.  7^  tltctnnnoliec  farce  of  all  forms  of  lead  cells  is  about 
voftji  2-2  immediately  after  chargiog,  though  it  rines  higher 
than  this  during  the  full  charging;  it  falls  in  norking,  but 
should  not  be  allowed  to  fall  below  i'8  as  the  mischievous 
I'onctioiiB  set  in  then,  The  voltage  of  a  battery  should  bo 
regularly  tested,  and  whenever  found  to  be  too  low,  each  c«U 
should  he  t«6t«d  to  discover  where  the  faulty  one  is.  Under 
carolow  tnanKgemcnt  it  ie  e-asy  to  have  some  of  the  cells  reversed. 

335.  The  inlmial  rftittanee  is  oiinslantly  varying  with  th© 
irtrongth  of  tho  acid  S}09,  and  olco  with  rate  of  cuneut  as  it 
dou  tn  all  electrolytic  actions.  Mr.  Precce  draws  from  this  tho 
d«daction  that  there  is  not  the  generally  supposed  loss  due  to 
the  difference  of  E  M  F  in  charging  and  disonarging,  but  that 
"  it  IN  possible  to  get  nearly  all  the  energj'  out  of  a.  cell  that 
has  1>&en  put  into  it."  Mr.  Preeee  is  "one  who  knows,"  and 
what  be  says  is  usually  to  be  relied  on ;  but  in  this  case  I 
thiuk  the  eslimute  uf  the  K  P.  8.  Co.  (not  likely  to  put  it  too 
low)  of  2j  lo  So  per  cent,  is  the  safer  to  count  upon. 

}36.  Charijinij. — In  order  to  charge  a  secondary  batterj-  it  la 
necessary  to  employ  an  E  M  F  greater  than  its  own,  and  greater 
ID  pruportion  to  the  rat©  of  charge  desired.  If  30  per  cent,  of 
tills  energy  is  lost  slow  charge  is  must  economical,  though  other 
practical  eousiderutioiis  have  to  be  tukeu  into  account ;  that  is, 
againtit  energy  lost  at  the  rate  of  the  square  of  the  current  0* 
goueratod,  we  have  to  consider  time,  and  interest  on  plant. 
But  i&  addition  to  the  loss  of  energy,  a  small  charging  current 
is  dMirable  for  two  reasons,  1,  the  product  is  in  better  condition. 
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th«  partlolea  in  doner  oontoct  uni  better  electrical  oonnectioii : 
a,  there  in  Iohh  lottn  \iy  uiioumljiuvi]  gaaes  iMcaping. 

Volla  i  "5  per  cell  m  wirie*  ia  ft  good  E  M  F,  aa  with  it  tli« 
cnrrent  reduocs  tu  the  charge  rise«,  ou  accoant  of  the  inoreaaiug 
oonnter  E  M  F  of  the  battery. 

At  flr«t  it  wan  thought  uuadvisable  (o  give  oells  their  fuU 
charge  1  but  experience  haa  proTed  this  to  be  wrong.  The 
battery  should  iiiway»  be  iharoughly  cJtaryed,  but  uot  thoroughly 
discharged.  By  not  fully  chargiug  uudecomposed  sulphate  of 
lead  reniaius  tu  exert  noxioua  action. 

The  eviiliinw!  of  full  charge  iti — 

1.  The  EMF  ri«eB  suddenly  tu  volta  J -J. 

3.  The  iirdroraeter  Bhowa  tho  aoid  at  full  sp,  gr. 

).  The  lj<[uid  becumen  milky  uud  gaeoa  are  given  ofll 

I/Ighte  should  nol  be  brought  near  ft  charging  battery,  ]e«| 
theite  gasee  ehould  oau>ii.i  •'Xplosiou. 

3j6a.  Loa  of  t/atet. — Tliroughnut  thu  chargiog  there  in  K 
ooutitant  excape  of  gaseti.  chiefly  oxygen.  But  ttio  luwi  of  either 
gas  meaiia  total  low  ol'  the  (.-(juivulent  of  eloclrioity.  IF  0  in 
obviously  wasted,  it  ia  cvrlaiu  the  It  is  lost  too.  But  the  eei^pe 
of  II  indioalea  at  oaee  either  that  the  rate  of  charging  oumont 
is  too  great,  or  elae  that  the  liiuit  of  the  economical  charge  is 
appiooobed.  As  iu  all  oaaea  of  electrolyus  w«  ure  brought  tu 
us  question  of  dett$ily  of  currerU;  ihe  rat«  at  which  a  unit  are» 
ofaurfacecaji  act  properly;  this  iaof  necessity  a  loteerint/ eapurily, 
bocauae  it  ia  not  mere  enrface  we  have  to  oonaider,  aa  iu  the 
CHMo  of  tho  sine  of  a  battery,  but  the  diminishing  quantity  of 
■ulphftt«  of  lend  upon  that  surface  remaiuing  unconverted. 
But  this  evolution  of  goa  ia  the  bo«t  pruotical  indioator  of  the 
woiking  ixiudiiiuus, 

537.  Ditcharye  ahould  not  be  allowed  to  exceed  the  proper 
rate,  or  the  active  mfttoriaJ  will  diaintogrule  uud  be  idielled  off 
in  the  iPlaut^  or  forced  out  iti  tbu  grid  forms.  Dischurgo  ahould 
not  be  ooutiuuod  aftor  tliu  voltage  falls  tu  i '  S  per  ci-ll. 

ja8.  Otneral  ilfaua<;«"irn(.— Batteriea  should  t>e  bo  plaood  uud 
mounted  that  every  part  ia  vtsiUa  and  aoceeaible ;  regular  teet« 
abould  be  taken  uf  the  condition  of  eaoh  cell,  and  uo  tricks 
should  be  played,  tiuch  as  endUeuly  huatiug  wires,  or  giving  off 
flasliea  of  light,     ^e  also  f  }oB. 

I'roper  iustrumeuts,  galvanometers,  volimotcrs,  Ac,  ahould  be 
provided,  and  the  cuuuectiunM  made  through  a  well  arranged 
ewiioh-board.  Automatic  cut-outs,  alarms,  Ac,  alsa  ara  very 
useful.  These  various  appUanoes  will  be  found  deaoribed  in 
their  proper  plaoea,  but  the  best  plan  for  any  one  who  wiih«&  tn 
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eet  up  an  iiiBtaUntion,  ia  to  obtain  catalogues  and  pampUeta 
from  the  makers,  in  whicli  more  complete  information  will  he 
found  than  it  is  poBsible  to  fumisli  in  a  book  like  this. 

It  is  bad  economy  not  to  provide  cells  fully  equal  to  thnir 
work,  and  it  is  important  that  all  cells  to  be  worked  togethor 
shall  be  fairly  equal ;  for,  as  in  a  chain,  the  capacity  of  a  com- 
bination  is  that  of  the  weakest  link :  if  dome  ooIIh  beooina 
mBOtiro  in  discharge,  they  are  not  merely  useless,  they  be^u  to 
take  charge  in  the  opposite  direction  and  oppose  their  E  M  F. 
If  Delia  in  miiUiplo  arc  differ  in  EMF,  which  will  occur  if  their 
oonditiotis  differ,  some  of  them  will  uut  get  cliurgod,  or  if  loft 
BO  connected  when  the  source  is  not  acting,  they  will  bo  reversed 
and  the  charge  wasted.  In  fact  it  is  bitd  policy  to  arrange  colls 
in  mullipU  mo  at  all. 

Wheu  a  Ijattery  io  to  be  left  out  of  use  for  a  time,  it  is  better 
to  fully  cliargo  it,  rather  than  leave  it  discharged.  Curroat 
should  be  passed  at  iutervals  to  keep  up  the  charge  if  possible. 

Since  the  foregoing  waa  in  type,  aooounta  have  boon  published 
of  the  working  upon  tramways  in  America  of  a  secondary 
battury  devised  by  Meesre.  Waddel,  Eniy,FootoandPhillip8.  It 
oonsists  of  a  plate  built  up  of  copper  wire,  which  servos  m 
conductor  to  a  mass  of  compressed  porous  copper,  which  is 
ozidisod  by  tho  charging.  The  other  plate  receives  a  deposit 
of  sine  from  a  solutioD  of  sincate  of  [ratash.  It  is  said  to  hold 
cliargo  porfoctly,  give  an  EMF  of  volt  O'  9,  to  give  a  return 
of  So  per  cent  onergy  and  no  loss  of  current,  and  to  endure  a 
heavy  rata  of  discharge.  No  gas  ia  given  off,  either  during 
charge  or  diEohorgQ.  The  internal  resislanoe  of  a  cell  of  5  X  7 
iodiee  aquara  and  11  high,  containing  eight  pairs  of  plates,  in 
■001.  and  it«  storage  800  ampere  hours,  with  a  gross  weight 
of  jj  or  60  pounds  per  horse-power  generated. 
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)29.  The  grtMt  diHtinctiou  l)etweeninodorii  and  ancient  modcw 
of  ibvetttigatidn  iit  that  inudoni  iicii.*ii<!o  in  baaed  u|h>u  uxuct, 
miniit«  tueusiireiurnt,  bu  tliatciiu«MuudeffiioUitre  truly  Iialiuiced 
«nd  actions  traced  frum  pulnt  to  puiut;  tliou  when  different 
branohea  of  pbunumeiiu  have  Iwon  traoud  to  their  Qoniieotiuii, 
■kn  osplanation,  a  theory  can  bu  arriveil  at :  the  Huieiico  "  falsely 
eo-ooUed  "  of  the  aticieiifs  watt  Tugue,  the  tlieory  or  conception 
iraa  first  Het  up  a  priori  from  a  general  view  of  [iljunoiuena,  aiid 
then  the  facta  wt-iij  fitted  to  it  &n  well  aa  they  could. 

But  juxt  aa  old  faahiona  iu  dreas  are  revived  in  time,  and  in 
mental  affaim  there  i»  at  tiinea  a  rorersiou  to  medieval  ideoa,  ao 
there  ia  at  present  a  tendency  among  some  of  our  highest  scten- 
tiJlo  men  to  reverKetbecourMeofeoience.toabandoD  the  Baconian 
inductive  wyateni,  and  return  to  the  old  a  priori  plan  of  devising 
hypothi-Hoe  and  treating  them  aa  truths.  This  is  particularly 
manifest  in  the  prevalent  fu«hiou  of  attribnting  electnoal 
actions  to  the  ether,  rather  than  of  searching  out  the  real  actions 
oi  tnaUer, 

})o.  Cl«rk  Maxwell  gave  the  etart  to  this  miachievouB  fashion; 
bis  disciple,  Mr.  Oliver  tieavieide,  has  gone  so  far  as  to  say 
('  Eleotndan,'  xxvi.  p,  6}}), "  The  more  abstract  a  theory-  is,  the 
more  likely  it  is  to  Iw  tnic.  No  odo  knovni  what  matter  is,  any 
more  than  ether,  bnt  we  do  know  that  the  properties  of  matter  ftre 
romnrkahly  complex.  It  ia  therefore  u  real  advantngit  to  get 
away  from  matter  when  pOBsihle,  and  think  of  something  tiir 
more  simple  and  uniform  in  it«  properties.  We  nhmtld  rather 
«mlajn  tnatter  in  term*  of  ether,  than  <jii  the  oilier  icay  to  work." 
Thoitttlicsareniy  own.  The  doctrine  is  m on stro us  and  oppiwrd 
to  all  truo  BCionco ;  tor  scicnoo  is  organised  kmwledffr,  u  aluady 
progi'oBM  from  the  known  to  the  unknown.  This  ia  t«aching  that 
we  ahoiild  start  not  merely  from  the  unknown,  but  from  the 
unknowable;  for  not  only  do  we  know  nothing  at  all  about  ether 
oxoeiit  that  something  tmnsmtts  light  across  simu-o,  but  it  is 
Absolutely   beyond    reach   of  6Xi>erimei>t,    the  oidy    Bkuana  ol 
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knowledge.  AH  that  U  said  about  ether  and  its  propertioa  is 
mere  gnesa-work. 

})l.  It  is  a  mere  miaiise  of  words  to  t^y  that  we  know  no 
moreof  matter  than  of  ether:  as  I  said  in  the'  Electrician.' xzvi, 
II.  G73,  in  reply, "  We  do  know  what  wo  mean  by  matter ;  no  one 
IcDOwa  whnt  thi.'v  mean  by  ether,''  It  is  puro  cant  to  say  that 
wo  havp  no  right  to  object  to  notions  about  the  ether  becanae 
wo  ilo  not  know  whnt  matter  is.  We  do  not  know,  and  never 
»haU  know,  what  anything  is,  nor  lioesitconriamuB-  "  We  know 
>  great  deal  about  the  properties  of  the  lliing  we  mean  by  the 
word  matter,  and  we  can  examine  and  test  those  properties. 
Nothing  of  this  is  to  be  said  of  the  ethpr.  The  word  matter 
oonnot«8  a  mass  of  natural  obvioua  records  of  our  cognition. 
The  won)  ether  connotcB  nothing  but  our  difficulties  of  detiniug 
some  of  those  fact-s."  In  other  worde,  matter  and  its  properties 
are  the  creation  of  Ood  ;  ether  and  its  proi>ertieB  are  the  luera 
imaginings  (if  men  to  hide  their  ignorance,  and  they  are  bciue 
continuaUv  altered  to  suit  any  one's  requirements.  Provv  ail 
Ihin^n.  hold  fast  that  which  is  true,  is  good  advice. 

}3i.  Electrical  meARurf'm^nte  relate  to  the  thre^  diriBiona, 
electromotive  furui.-,  resistatice,  and  current,  mid  the  general 
thcuiry  will  be  explaiui-d  fiirtliiir  on.  Imt  it  in  better  to  commenCQ 
wilh  the  facts  the  tlieory  is  based  upun,  and  the  instruments  in 
use,  following,  in  fuut,  the  proceKH  by  which  the  existingsyBtcm 
has  been  develojied.  and  uomuieneing  with  the  iictual  phenomciut 
ofcunent.  It  BhunlJ  be  underetui-id  thai  the  niultilnde  of  in- 
Ktrumonts  which  have  been  devised  are  not  described:  it  would 
d  a  volume.  Only  those  necessary  for  students  and  amateurs 
%ll  be  mentioned,  and  most  attention  will  be  given  to  thoso 
which,  with  ordinary  skill,  they  can  make  for  tbeinBelvee. 

ill.  MiustiiiKiiiENr  OK  CuKBENT. — This  may  be  effected  by 
three  actions  of  the  electric  ourreut,  §  1C4 — the  mngnelh,  tho 
dtrmicni,  and  the  healtTtg  effects,  examined  by  instraments  called 
Oatvanomflert,  Vfiltnmrleri,  and  CaiorivttUri.  Each  has  its  use. 
The  galvanometer  interferes  little  wilh  the  iiasenge  or  work  of 
tho  current,  and  indicates,  by  the  motion  of  a  magnetic  needle, 
th«  actual  current  passing  at  each  instant,  and  therefore  any 
Tsriatiunit  oocnrring ;  the  voltameter  measures  the  total  quan- 
tity of  electricily  which  has  passed  in  a  given  period  ;  and  the 
osloriiiinter  teetiGew  to  the  relations  of  energy  to  the  electrical 
work  done. 

)14.  OAi.VANOMKTKim. — When  a  magnetic  needle  and  acunent 
are  parallel  with  each  other,  they  tend  to  place  themselves  at 
right  augloa  to  eavh  oUicr;  the  action  is  nwiprocal,  either  the 
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(DRgDAt  or  cocducior  will  idoto.  but  th«  motion  of  tfao  neodlo  U 
th«  most  ooDTonicnt  for  nm :  if  over  a  magnetio  Doedl«  at  icet. 
Mill  in  the  iwtme  direction,  wo  place  n  wire,  nod  pass  a  cuiront 
ontoring  ut  the  eoiithorn  pnd,  the  noedlo  tiiroB  with  tho  N.  end 
to  thu  left,  or  westerly;  if  tho  wiro  he  }>eloie,  thenccdlo  turns  to 
tiio  right.  If  tho  dirootion  of  thu  ciirront  is  revorsi-d,  that  is,  if 
it  Anton*  nt  the  N.  ond,  tho  ftctiunH  aro  reversed.  If  tho  wire 
laalcoe  a  turn  round  tho  loncth  of  tho  Doedle,  all  thoso  oonditiona 
coino  into  play  at  once,  for  the  current  eiitoring  at  S.and  paanng 
abcve  tho  needle,  when  tho  wiro  turns  to  tho  lower  sido.  tho 
onrrent  paasee  from  the  N.,  honce  lioth  actiuna  are  the  «ame  and 
tbo  nocdlo  is  deSectod  to  tho  left  with  douhle  force;  eaoh  turn 
has  a  nimilar  action,  varjing,  however,  in  amount,  with  its 
distunoo  from  and  position  as  regardit  thu  noodle,  on  principlea 
expluine'i  hereafter, 

Jji-  Galvasometek  Nbkulics. — Tlieae  are  froijuontly  mado  too 
hwTy ;  the  heavier  they  are  the  greater  is  their  "  moment  of 
inertia,"  and  tho  force  required  tu  move  them,  and  the  longer 
tbey  are  in  coming  to  rost.  Tho  ho«t  material  is  »  watch  or 
clock  apriug  sufivned,  in  order  tu  aliupt.'  aud  arrange  it,  then 
harden^  hy  heating  to  a  low  rod  hvat  and  plunging  in  water. 

Lon^  m^k-K  biivo  most  directive  force  aud  give  more  decided 
indicatiutis,  but  tako  lunger  in  cumiug  lo  rest :  they  are  there- 
fore beat  aduptod  t»  vertical  galvanometers.  tShort  needles  are 
loeaafl'cctod  hyexti^rnal  magnetic  dtsturhanoes  aud  ooino  quicker 
to  reet :  their  dctloctiunsurualttu  more  equal  in  value  at  different 
parts  of  the  ncido.  Therefore  lung  aud  heavy  noedlea  an* 
suitable  fur  '*  ballitttio  "  gal vanume tors,  or  to  give  the  average 
of  a  rapidly  changing  current ;  hat  abort  light  oue«  ore  better 
to  obtaiu  "  dead  l>oat "  and  senaitiTe  indioations. 

)}6.  Maijneiiting  may  be  effected  aa  desoribed  Jj  143-3.  The 
boet  plan  is  to  make  a  coil  to  suit  the  needles,  but  in  two 
parts,  which  can  be  slipped  over  each  end  ;  this  enables  ueedle« 
when  mouuli.'d,  or  iu  pairs,  to  be  ma^otised.  If  the  coils  are 
made  of  No.  20  or  21  wire,  a  single  bichromate  coll  will  do  the 
work  eOectively.  The  coils  should  bo  marked  to  show  which 
ond  gives  N.  {lolarity  when  connectod  to  4-  of  tbe  battery : 
astatic  pairs  are  inserted  separately  in  opposite  ilinsctions. 

)]7.  NiupPiinun.— ^For  delicate  instruments,  thu  only  satis- 
factory ouBjieuHion  is  by  a  silk  fibre,  or  saoh  «  thread  of  silk  aa 
may  be  drawn  from  a  ribbon,  or  piooo  of  ooverod  wiro.  Tho 
fibre  should  be  attached  at  its  upper  end  to  a  sliding  rod  (in 
good  instruments  a  compound  screw  is  used)  which  lifts  with- 
out twisting  tho  fibre.    For  ordinary  instruments,  with  a  single 
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needle,  an  agat(t  centre  fixed  above  the  noedlo  is  used.  Double 
uevdleH  may  be  suspended  in  a  simitar  manner  ;  the  agat«  centre 
is  firet  Sxcd  in  a  thin  brass  tube  by  turning  the  edges  lightly 
OTer  it,  the  upper  needle  ia  then  attached  to  it ;  if  duiible,  by 
placing  one  part  on  each  side ;  if  single,  either  by  a  hole  npeued 
in  the  middle  or  by  doubling  over  ihe  top  and  bringing  down 
on  each  aide  so  as  to  grip  the  tube  firmly,  and  then  toiichini 
lightly  with  solder,  or  an  indicator  may  be  similarly  fixed. 
The  lower  needle  may  be  made  of  two  pieces  of  watch-spring, 
one  fixed  on  each  side  of  a  very  thin  light  tube,  the  ends  of  tho 
needles  drawn  together  and  soldered  or  riveted.  The  lube 
should  be  under  ^  inch  in  bore  and  fit  finulv  on  the  tube 
currying  the  agate,  and  when  the  two  needles  are  exactly 
adJQsted  a  touch  of  solder  will  fix  the  tubee  together,  lo 
adjnst  the  needles,  a  ausponsion  point  is  placed  upon  a  movable 
board  httving  a  line  marked  upon  it ;  one  needle  being  mag- 
netiaed,  tlie  line  on  the  board  can  be  placed  true  N.  orS.,  and 
tlie',utlier  needle  or  indicator  being  added,  the  tulies  are  moved 
slightly  till  the  united  system  is  correct. 

jj8.  Tke  rmniji  of  the  neeJle  ojrrwpond  to  those  of  a  pen- 
dulam,  and  for  the  same  needle  always  occur  in  tho  same  time, 
whi^ther  tho  uwing  be  across  the  whofo  arc  or  over  only  a  degree 
or  two :  this  gives  a  means  of  adjusting  astatic  needles  to  the 
desired  delicAcy,  and  also  of  controlling  the  movements  of 
needles.  It  is  onsy  to  make  and  break  circuit  with  a  oommu- 
tator  or  key,  so  as  to  lead  the  needle  slowly  »p  to  the  proper 
deflection  with  scarcely  a  retom  swing,  or  to  meet  the  swings 
and  bring  it  to  a  dead  stop,  which  saves  much  timo  in  observa- 
tions 1  but  the  number  of  vibrations  of  a  needle  may  be 
diminished  or  arrested  by  Hampia/j  in  various  ways. 

(l)  A  plate  of  copper  close  t"  the  needle,  either  as  the  dial 
plat«  or  as  the  internal  frame  of  the  coils,  checks  the  swings  by 
the  induced  eleetrio  cnrrente  set  np  in  tho  copper. 

(j)  A  vane  of  paper  or  mica  may  be  attached  cither  to  the 
needle  or  indicator. 

())  A  similar  vane  may  be  attached  to  the  bottom  of  the  wire 
which  connects  the  needle  to  its  fibre,  to  work  in  a  chamber 
under  the  coils;  sometiraeM  this  chamber  contains  mercury  or 
some  liquid,  such  as  glycerine  and  water,  the  effect  of  which  is 
to  cttuse  the  needle  to  move  slowly  up  to  its  point  of  rest 
without  swinging;  or  the  chamber  witiiin  the  coils  may  be  so 
UHed. 

^^9.  Nwdle*  ihould  be /ormed  viiHi  points  tapering  to  near  the 
middle:  the  ends  should  not  be  square,  bucausethe  current  acts 
on   the  magnetism,  and  tends  to  pull  tlie  polea  over  to  the 
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oomero  as  ehown  Fig.  }8,  and  to  diiiturb  tho  rclfttion  between 
the  Deedle  and  tbo  indicator  (hob  S  i  50).  When  formed  of  thin 
ptatw  OD  edge  this  cftunot  ocour,  ftnd  tlie  nhape  is  of  no  oon- 
•equenoe.  In  some  tnngeiit  gftlynnometers  conipotind  oironlar 
nsedlos  are  nsod.  (wnflisting  of  a 
diso  of  mic»  on  which  narttllel 
stripa  of  Bteol,  Eiich  us  pieoee  of 
sowing  ncMHoHormttch-HpringB 
nru  comentvd,  long  iu  the  mid- 
dle and  tthorter  iit  tbo  sicleii :  it 
!■  ooDsidered  that  tht-su  HufTer 
len  displacemunt  in  the  mag- 
netic field  of  the  uuirent  than  straight  needloB  do. 

J40.  Indiealor*  may  l«i  made  of  a  thin,  hard-drawn  wire, 
alumiuiiini  alloyoii  with  a  little  silver  licing  bmt.  or  of  a  tlireail 
of  liliiok  gliws,  which  may  be  drawn  ont  over  a  liuunen's  homer 
or  spirit  lamp,  by  htiitiug  a  small  rod  or  tube  (euoh  ati  a  bugle) 
to  fusion,  and  drawing  Uie  two  ends  rapidly  but  atoadily  away. 
An  indioutur  without  weijjht,  tuted  in  the  refleotlDg  galrano- 
nietera  is  described  S  j68. 

341.  Aftatic  Needles  are  a  pair  fixed  on  n  wire  or  a  tnbe 
wiih  tbcdr  poles  in  opposite  dirootiona,  so  as  to  nentraliee  each 
other:  if  perfectly  adjusied  they  would  have  no  pnrtioiUar 
pomtion  of  leaU  It  is  oHou  aiated  in  text-books  that  snoh 
Beedleu  plaoe  tbemaelves  K.  and  W.,  and  an  elaborate  mathe- 
nsticat  expUuation  is  given.  Fig.  )9  explains  the  oanso 
idmply.    N  S  are  two  op- 

pontely  arranged  needles,  no,  99^ 

not  exactly  iu  the  sumo 
▼enicol  piano  (this  being 
exnggoratod  in  the  Bgnre) : 
the  rciBult  is  to  form  two 
Tirtusl  magnets  or  fiehU 
at  the  oppoeito  ends,  both 
having  the  same  direction, 
as  shown  by  the  arrows; 
these  place  thorosolvee  in 
the  usnal  N.  S.  position,  and  as  a  oonrnquenoo,  tlio  viaiblo 
flyitera,  which  is  a  nentral  one,  plaoes  iCeotf  E.  and  W.  This 
oocurs  only  when  the  noodles  are  exactly  oqual.  In  praotioo  it 
is  DOcoseary  to  loako  one  of  the  noodles  so  tnuoh  more  powerful 
than  the  other  as  to  bring  iho  syetem  to  rest  upon  th«  soro  Iia«  : 
the  Hppor  needle  if  made  longer  does  tbia  by  its  greator 
"  moment." 

The  magnetism  of  ustatio  paiiv  is  easily  diflti»VwA\  «c^ 
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ciirrent  passing  will  do  it,  if  stidden  or  orer  strong;  the  inner 
needle  is  most  affected  in  this  way.  In  wnBeijuenoo  of  this, 
ostitie  tieedtea  indicnte,  but  do  not  mefteure,  IwcanBe  difforent 
readings  mny  be  given  wilh  tho  aatno  current,  even  in  a  f©w 
minutes.  This  uppliea  more  eBpecidlly  to  vertical  syetems  con- 
trolled by  gravity,  or  springs. 

j^i.  Magnetiiim  of  nccftlm. — The  strength  of  the  magnetism 
hoR  no  effect  upon  the  detlection ;  two  eiuilnr  needles  will  be 
uliko  deHeot^J,  thougli  cme  be  Htrong  and  the  other  wealc.  The 
reaaon  is  that  the  needle  is  affected  by  two  forces,  the  effort  of 
the  ourrcut  and  the  eurth'a  majjuetio  field,  and  these  are  equally 
reacted  on  by  the  needle.  This  applies  only  to  single  hori- 
zontal needles.  A  compound  pair  will  deflect  differently  when 
.  strongly   and  weukly  magnetized.      A  needle   vertically  bub- 

I  pendod  will  also  deflect  further  if  strong  than  if  weak.  Needles 

of  diSerent  length  wilt  lie  differently  deflected  by  the  same 
instrument  and  current. 

34}.  BeMtanee  to  motion. — The  actual  measnring  power  is 
dne  to  the  resistance  ofiered  to  the  action  of  the  current.  In 
the  ordiiiary  aiiigle-needle  instruments,  this  rei^ietance  is  caused 
by  the  earth's  magnetism  ;  the  result  is  duo  to  the  relative 
strength  of  the  two  magnetic  fields,  earth  and  current,  acting 
at  right  anp;lefl  to  each  orher :  in  this  form,  therefore,  the  same 
current  will  produce  different  dullectioua  at  diSerent  parts  of 
the  earth ;  of  onurse,  also,  tlie  neigh  bo  nrhood  of  magnets  or 
curreuta.  or  of  masses  of  iron,  will  disturb  the  action :  in  some 
coses  this  ia  rbmedted  by  using  permanent  magnets  to  control 
the  needle,  in  place  of  the  earth's  magnetism,  of  such  power  as 
to  render  other  agencies  uf  smalt  effect.  In  other  forms  a 
meohsnioal  resistance  is  employed,  such  as  the  toreion  of  a  wire 
or  fibre,  or  a  bifilar  suspension.  In  vertical  galvanometers  the 
remstAnce  is  tho  extra  weiji^ht  of  the  lower  parts  of  the  system, 

J44.  SiMNi>  row  On.vntimtetKBa. — There  is  often  some  trouble 
in  arranging  iustramenta  so  that  the  needle  stands  directly 
upon  the  N.  S.  or  zero  line,  and  many  galvanometers  turn  on 
an  axis  for  this  purpose.     A  revolving  stand  is,  however,  a 

rtt  convenience  for  a  variety  of  purposes.  The  base  should 
of  seasoned  wood,  fitted  with  three  levelling  screws,  and 
Ln  vertical  axis  rising  from  its  centre.  Upon  this  revolves  a 
amallor  disc,  with  set-eorews  or  springs  at  opposite  ends  of 
one  diameter,  to  hold  it  steady  when  adjusted.  By  marlcing 
tho  edge  of  one  of  the  discs  in  degrees  of  a  circle,  and  attaching 
ft  pointer  or  vemior  to  the  other,  this  stand  converts  any  form 
of  galvanometer  into  a  sine  galvanometer. 
)45.  Qeskral    l^MciPLKs. — When  a   magnet  is  suspended 
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aimply  iu  Die  mnf^ii'tiu  tloM  of  tti<:  unrth,  it  Hbind*  inngnttic 
Nortli  nod  Suiitli,  wtjtoh  is  callcKt  the  «.to  line. 

When  the  mngndtiu  field  of  Uil*  oarth  iu  ncutralixod  \>y  other 
magnotio  ageutH,  vr.  ao  in  jmrfectly  tistutio  necilIeK,  the  niHgnet 
hu8  no  itirectivo  iiiduc-uo^,  it  tUeu,  under  the  iiifiiieuce  of  any 
eliiotrio  ouiTeiit,  [ihicee  itsalf  in  tlio  line  of  the  field  duo  to 
this  current ;  that  ib,  if  the  wire  ktt  placed  in  tlio  mngiictio 
xero  linri,  the  neodla  |ilacett  ilxelf  at  right  anglea,  or  ftt  90°  of 
deflection. 

When  Ml  ordinary  dingle  needle  ia  plaocd  at  the  centra  of  a 
current  moving  in  the  ))lanti  of  [lie  magnetic  meridian,  thifl 
needle  in  defleoted  to  a  certAiu  degro»  degwudunt  upon  the 
strength  of  the  mirrunt.  In  thin  jixiiiitiun  it  is  influunoed  by 
Itpo  eqaal  and  opfotite  forcet,  tlie  valuation  of  eitlier  one  of 
which  valtteu  the  other.  Of  these  t>vo  forces  one  ia  known — 
the  action  of  the  uarth's  magnetic  field  upon  the  needlo,  and, 
if  we  expreBS  tlii*  force  in  eotne  doflnito  tiyiit«m,  we  have  the 
nieaaure  of  the  galvanic  cuirent,  which,  iu  the  given  oircum- 
Mtaiiees,  exactly  halauoes  it. 

The  effect  of  the  number  of  turns  of  wira  and  their  position 
is  shown  S)S7.  This  is  explained  in  t«xt-bootu  bya  vaat  array 
of  formnlee ;  but  unforlunately,  as  with  many  other  highly 
wrought  inathematical  furmtilEc,  they  too  often  lend  to  aide 
away  out  of  sight  the  real  principle.  The  student  should 
clearly  realize  that  all  the  theories  and  laws  set  forth  as  to  the 
influence  of  distance  of  the  wire  from  th«  needle  resolve  theiu- 
selves  into  this  one  point,  the  development  of  the  magnetio 
flt^ld  due  to  the  currents  in  the  wires. 

The  influences  of  the  two  forooe  are,  according  to  known 
laws,  propiortional  to  tho  sines  of  their  relative  angles,  that  is  to 
say,  coDsidortne  the  one  angle  of  deflection  alone,  tho  pull  of 
the  earth's  field  njKin  the  nucdto  ix  nroportional  to  tho  sine  of 
the  angle  of  doficotion,  while  thn  pnll  of  tlio  current  it  equal  to 
the  oosjne  of  the  same  anghi,  tkud  the  rulationa  of  these  different 
trigonometrical  measures  are  defined  by  the  tangent  of  the 
angle. 

346.  Fig.  40  will  assist  readers  unfamiliar  with  trigonometry 
to  comprehend  terms  often  wet  with.  Tho  vertical  line  is  the 
perpendicular  of  a  right-angled  triangle,  of  which  the  base  is 
the  upper  horizontal  lino  of  langenU;  llie  other  two  atiglea  are 
formed  by  the  hi/polhentut,  whiuh  is  tlie  line  from  the  centre 
passing  through  iJie  arc  of  the  i>irolo  at  the  degree  which  defines 
the  onyU,  to  which  all  the  tueajtares  and  terms  relate.  Extended 
as  shown  in  dotted  lines  to  the  tangent  line,  the  hyjiotliennse  of 
the   right-angled    triangle   formed    is  called    the  KcanL     T'on 
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dimfDHonB  of  the  angle  roUto  oaly  tn  Uie  openinf;  of  the  two 
Umm,  thftt  iH  to  Bay,  to  the  nic  of  u  cinsle  which  thej'  idcIobo,  bat 
may  bo  meoAured  hy  &iiy  otiicr  of  the  eBsetitial  liiiea,  provided  a 
unit  or  ktiowii  Ie<ugth  is  taken  for  imo  of  thuMi  liuea.  which  theu 
BOTemH  the  Hize  of  th«  right-dtigled  triunglu  formed.  The  unit 
u  called  the  radiat,  as  from  that  the  cirolo  is  utruok:  radioa 
tlieii  in  t ;  ill  tht>  fiji^re  ono  ioch.  Thu  radial  dotted  lines 
inclow^  iir<*^ut  of  lo'aaob  from  tho  porjiundicular  radius,  and  linos 
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drawn  from  the  end  of  the  radius  to  where  the  lines  ent  thft 
oirole  are  the  chords  of  the  arc.  The  horinoutal  line  is  that  of 
(angenU,  defined  for  each  an^Ie  by  the  prulougatiou  of  the 
Aocoiidary  ladius  incloaiiig  it,  the  hypotheuuBe  or  teeant  of  the 
anglf;  the  unit  tangent,  that  equal  to  the  radius,  or  i,  is  the 
tangent  of  4^'  (shown  by  a  line  from  i  on  the  scale,  to  the  arc). 
The  n'liA  of  an  angle  is  »  line  drawn  from  the  interaeotion  of 
the  eeoant  to  tlie  rndius,  parallel  with  the  tangent  tine  ;  its  nnit 
length,  equal  to  imdius,  1,  is  the  aino  of  90^  and  the  lower  line 
is  dividorl  to  coirospond  with  the  actual  sines,  not  shown  them- 
selves, but  doGnod  by  ihe  vertical  dotted  lines,  which  are  the 
cotinet,  or  sinex  of  tho  complementary  angle.  The  advantage  of 
the  tangent  kcuIo  is  that  it  is  one  of  equnl  jtarle.  Scales  of 
natural,  i.  o.  proportional  eines  and  tangontfl  are  to  he  found  in 
most  en ginoe ring  pockct-booksi  and  logarithmic  values,  whioh  are 
necessary  for  many  calculations,  are  furnished  with  the  Obmaioa 
logarithmic  tahlon. 

)47.  V  ALtiu  ov  Dktlbctioxs. — Degrees  or  tangents  of  degrees 
aro  moroly  proportions,  and  we  need  a  unit  value  to  give  them 
meaning.  As  the  measurement  of  the  deflective  power  of  the 
current  is  obtained  iii  terms  of  reaiatanoe  exerted  by  the  earth's 
maguetio  Held,  this  latter  must  be  expressed  in  a  definite  value, 
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or  unit,  in  order  to  obtain  the  value  of  the  current.  The  oarth 
being  a  magnet,  its  liiiea  of  force  converging  towards  tlio 
uagDotio  poloH,  the  intensity  of  its  magnetism  Id  greutoat  at 
these  polos ;  but  this  magnetiem  has  two  aotioms  pruduuing  the 
dip  or  vortical  deviation,  and  the  horizontal  direction,  p.  95. 
This  latter  in  used  in  oompaaaes  and  gatvauonieters,  and  raoves 
the  noodle  in  a  horizontal  plane,  drawing  it  to  the  maguetic  N. 
and  S-.  or  zero  line,  and  would  draw  a  single  pole  (were  such  a 
thing  possible)  along  that  line.  It  is  nsnalty  written  H  in 
formuTee,  and  is  strongest  at  the  magnetic  eijuator,  where  the 
natural  position  of  iho  needle,  or  the  resultant  of  the  eartb'a 
force,  is  horizontal,  weakening  as  the  polo  is  approaohod  whi^re 
tho  horizontal  action  is  absorbed  in  the  vertical.  The  horizontal 
intonsity  is  proportional  to  the  square  of  tho  rates  of  oscillation 
of  the  noedlo  at  any  place;  but  for  fiill  information  on  this 
subject,  works  treating  of  magnetism  can  be  consulted.  What 
is  necessary  to  obwnro  hero  is  that  any  galvanometer  whose 
eonttani,  or  current,  valno  ia  measured  at  one  place,  will  require 
a  correction,  when  usod  at  other  places,  proportional  to  the 
relative  horixoutal  intunHitiiHt  of  the  two  plaoee. 

}4B.  Horiumlal  /nt«>un'(y.— This  ia  subject  to  ohnogefl  (besides 
the  irregular  ones  occurring  during  magnetic  storms),  but  thu 
value  usually  employed  is  that  measured  in  1855  1  expressed  in 
the  Dietre-grammo  absoluto  onita  that  value  is  1*76^:  in  tho 
foot-^^iii  system  its  value  is  j-8a6.  These  are  tie  values 
symb<;lixed  by  H,  and  they  mean  that  a  free  unit  pole  would, 
under  the  earth's  magnetic  influence,  acquire  those  velocities  in 
utio  stMMjnd  of  limo.  Thu  measurement  of  this  value  can  bo 
ed'ectvd  by  tiieaiis  of  a  taugeut  galvanometer  and  a  batt«iy  of 
which  the  E  M  F  is  kuowu,  by  the  formula 


B  = 


E  J  m 


R  .  r  taug  • 


where  ir  ia  tlie  oircamferonoo.  r  the  radius,  n  tho  number  of 
turns,  R  tlie  resistance,  and  6  tliu  angle.     See  also  $  146. 

J49.  Zero  Lint. — Tho  zero  N.  and  8.  line  is  itself  not  fired,  SO 
that  to  make  correct  mcasiirenieuta  the  galvanomoter  needs  to 
be  placed  ia  the  actual  y.cro  lino  at  the  time  of  obmrvatioD. 
There  is  u  small  annual  variation  »f  the  mean  position  dependent 
uu  llie  season,  and  a  larger  daily  one,  both,  thorcforo,  due  to 
the  changing  position  of  the  sun  in  relation  to  tho  place  of 
observatiuu,  and  probably  caused  by  thermo-electric  current*  set 
uu  bv  the  motion  of  tho  oarth  under  the  suo.  Aooordine  ta 
^    '  n't 
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obttervatione  tuiide  in  Paris  hy  Cft^aiii),  tLe  amplitude  of  these 
diurnal  motions  is  13  to  15  lainulea  of  aro.  from  Aiiril  to 
Septeiuber,  an<l  from  8  to  10  from  October  (o  March.  During 
the  night  the  needle  is  nearly  at  reet ;  at  sunrise  the  north  pole 
moves  westerly  to  »  masimnm  hetween  noon  and  }  t'.m..  When 
it  returns  to  the  cit>>t,  in  both  cases,  as  though  the  south  pole 
were  attracted  towards  the  sun :  these  variations  increase  as  the 
msgnetic  latitude  iuorea^s.  The  needle  occupies  the  mean  zero 
position  about  lO  a.m.  and  7  p.m. 

350.  The  Takoent  Galvakomctbr. — It  is  best  to  commence 
the  irtudy  of  galvanometers  with  an  instrument  theoretioally 
perfect,  rather  than  with  those  which  are  merely  simple  in 
form.  The  tangent  galvanometer  is  one  in  which  the  foregoing 
principles  are  carried  out;  that  is  to  say,  one  in  which  tho 
mugDctic  field,  generated  by  the  current,  is  so  large  that  the 
motion  of  the  magnetic  needle  within  it  does  not  materially 
change  its  relations  lo  that  fifld.  Therefore  tho  essence  of  k 
tttiigent  galvanometiKr  is  that  the  diameter  of  the  wire  coll 
carrying  the  current  shall  be  ai  Uait  1 2  times  the  length  of  tho 
ueedle. 

]^t.  Conitruction. — The  best  construction  I  have  been  able  to 
devise  is  shown  in  Fig.  41.  An  elliptical  l>oard  A  is  supported 
by    three   levelling-eorews,   two   visible   and   one   beyond   the 

binding-screws.     The  ring  of 
p,o,  41.  wire  is  let  into  this  tableaud 

supported  by  two  blocks  of 
wooi);  across  its  middle  (a 
little  below  the  centre)  a 
table  C  is  secured,  whioh 
carries  the  dial,  tturroimded 
by  a  rim  in  which  a  glass 
cover  can  be  placed.  The 
needle  may  be  supported  by 
a  etiel  point  in  the  centre  of 
the  dial,  or  suspended  by  a 
silk  fibre  from  the  middle  of 
tho  small  piece  of  wood  or 
brass  E,  also  secured  to  the 

^^*"^T  justed  to  centrality,  so  as  to 

compensate  for  any  slight 
want  of  tme  levelling,  by  an  apparatus  similar  to  the  mechanical 
Rtage  of  a  microscopo.  I  havo  shown  an  instrument  of  three 
oircnits,  thrown  into  action  by  a  commutator  F,  G  working  under 
the  stand.    The  end  of  tho  circnit,  i.  e.  the  largest  oonduotor. 
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u  loldnocl  to  bindtng-scTow  — ,  tho  othor  oq^k  mk>  takon  to 
three  atuilx  F,  the  wiron  beinc  slightly  bt  into  the  wood  ;  a 
ecTOw^etii'l  connected  to  bin<ling-florow  -f-  oarries  tho  apring 
which  oompletes  either  circuit  an  needed. 

)53.  OfinneclioiM, — All  these  should  l>e  kept  ns  ol<:iso  as  possible, 
to  nentralizv  each  other'a  influence  on  the  needle.  If  they  aro 
Bomc  distance  apart, especially  in  the  plane  of  the  circle,  part  of 
its  action  is  neutralized  by  the  current  in  thom  ;  the  oonductora 
will  also  act  irregularly  on  the  needle,  aucording  to  the  side  to  | 
which  it  is  dcflooted,  and  dtjutroy  tho  tru«  tangential  values  of 
the  deflections.  It  must  always  be  rcmomliertMlthiit  conducting 
wircB  and  oonnections  fonii  an  iiit«gTal  part  of  every  eluotrio 
8yst«ni ;  we  CMinut  cunfine  the  actiun  juftt  to  those  wiroti  which 
wo  cull  the  iuittrumciit  [)roper. 

3^  J.  DelaiU  of  Circuit. —Suoh  a  three-circuit  iaatrument  may 
be  constructed  by  fonuing  a  ring  of  paper  upon  a  disc  of  wood 
out  in  two  and  temporarily  m-cured  to  the  table  C  j  this  can  titen 
be  mouuted  on  a  stand  for  convenience  of  windinj^.  Lay  on 
forty-five  turns  of  the  fiuost  wire  to  l>e  used,  say  No.  ao,  then 
four  of  Ko.  i6,  then  a  complete  circio  of  thickish  ooppor  sheet ; 
Duxt  tivo  turns  of  Ko.  i6  and  forty-five  of  Ko.  lo  will  complete 
the  wires.  The  onds  of  tboxc,  coming  out  at  the  lowest  point  of 
the  rio^  lanst  be  so  connootod  that  the  current  ontera  by  the 
nagle  nng  and  gooa  to  tho  t  atnd.  or  continues  through  the  nine 
tartM  of  No.  i6,  and  ihon.  in  like  manner,  to  stud  ]  and  to  tbs 
ninety  tarns  of  No.  ao.  always,  of  course,  in  the  sumo  direction 
around  the  ring,  and,  finally,  bo  3  stnd.  Tho  commutator  puts 
into  the  circuit  1,  10,  or  lOO  turoB  of  wire,  and  by  the  arrnngo- 
mont  of  winding.  the«ie  being  piuctio&tlj'  all  at  tho  same  diatauoe 
from  the  needle,  one  value  will  apply  to  all  tlio  oironite,  dividing 
the  onrrent  value  by  10  or  lOo. 

3S4-  yoln*  of  Dtfinctioni. — The  actual  deflection  any  fa,T- 
ticular  tangent  galvanometer  will  produce  with  a  given  ourrantf  . 
Bay  the  unit  current  of  i  ampere  or  ohemic,  will  depend  directly  ' 
upon  the  number  of  turns,  and  inversely  upon  the  distance  of 
thu  rings  of  wire  from  the  centre  ;   this  relation  is  derivable 
tr(na  the  follovring  law: —  • 

A  marenl  of  unit  Hrength  placed  onee  round  the  cirewrr^erenee  of  a  I 
eireU  of  unit  tvidim,  in  fhf  plane  of  the  magnetie  meridian.  tetU  1 
eoHM  a  ihorl  trfignet.  ea'pended  al  Ihf  eenlre  of  the  drrU.  to  be  de- 
Jletted  through  nn  anylr  ifhote  tangent  tV6'29}J,  dioidfd  bi/ tht 
Mb»ohtle  h<iriiontal  intvntit^  of  the  tartK*  magnetic  forte  at  lh«  fiino 
rtnii  place  of  ohtervalion. 

¥vt  any  diamoter,  calling  II  the  earth's  horizontal  intensity, 
r  the  radius  of  tho  coil,  d  its  diameter,  L  length  of  wiT«  «i  vW 
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coil,  ftll  in  metres,  n  the  uumlier  of  lums.  $  the  angle  of  de- 
flootion,  oad  C  the  oiirrt-iit  strongtli  in  absolute  (metre-gramme- 
MOond)  oiiif«.  we  have: — 


fll.tauge°; 


or  C 


71^6  ^ ;  ^"8  ^- 


i 


The  result  will  he  expresHed  in  metre-gram me-second  nnite. 
and  mnltijplied  by  loo  will  give  the  current  in  atiipireB. 

Thv  value  tnay  he  lucerlainfd  practically  by  paHniug  current 
from  a  oonetant  liatteiy  throngh  a  copper  or  silver  voltameter 
for  an  exactly  noted  time,  lakiug  care  tJiat  it  is  perfectly  steady, 
ond  ob8er\'iiig  tho  deflection  very  carefully.  This  will  give 
the  value  of  that  deflection  iu  amperes  aa  explained,  §  }S}. 

All  thcBo  valnatious  imply  that  there  is  no  diBturbing  action, 
Huch  an  cnrrents  or  massee  of  iron,  and  that  the  observer  has  no 
knives  or  keys  in  his  pockete. 

DefieHiont  cxeeeding  to'  are  veiy  nnreliaWe,  becAiieo  of  the 
rapid  growth  of  the  tangential  scale.  Even  at  ^o"  u  eingle 
degree  means  three  times  as  much  current  as  at  lo'',  four  timea 
at  6o'',  and  forty  limes  at.  8o',  so  that  the  smallest  error  in 
reading  becomes  of  great  importance  at  thi-se  large  angles. 

J  5  j.  Olher  c<i7Utniclinns. — In  order  to  obviate  the  smitll  errors 
of  the  single  ring  system,  when  the  ring  is  not  very  largo,  two 
riogs  are  oocasiLmally  employed,  in  order  that  the  needle,  being 
snapended  between  ttiem,  the  errors  due  to  its  motion  may  com- 
pensate eaoh  other.  This,  however,  tends  to  introduce  another 
error  affecting  the  smaller  deflections,  and  therefore  of  more  con- 
iMxjuence  than  the  other,  which  tells  nininly  ni>ou  the  compara- 
tively nselces  large  deflections.  It  is  also  slated  that  the 
(UflMtiona  are  accnrate  if  the  wire  is  wound  upon  a  section  of 
tt  cono,  of  which  the  needle  forms  the  apex,  at  a  distance  of  one- 
fourth  of  the  diameter  of  the  uearent  coil  of  wire.  In  neither  of 
tliese  forms  is  thete  any  defined  law  of  coDstmction,  and  the 
chief  advantage  of  the  double  ring  form  is  that  the  resistance 
may  be  lower  by  dividing  the  current,  and  the  range  of  power 
K-gnlated  by  the  distance  of  the  rings.  It  would  seem  that 
thcfte  forms  are  more  expensive  and  diflicnlt  of  construction 
than  the  simple  ring,  and  that  they  have  small  advantage  over 
it,  if  the  ring  itself  is  made  of  a  width  at  least  equal  to  the 
length  of  the  needle  and  of  sufficient  diameter. 

J56.  Thb  8is«  Galv4N0Metku. — In  S  J45  it  is  shown  that  the 
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pnll  of  Uia  flarth  Tarioa  aa  the  Htne  of  tlie  ancle  of  deflection 
nam  nero.  lt»  ftill  power  beiuR  exerted  ut  90'.  The  pull  of  the 
oarrent  is  great<Mt  at  0°,  Hence  in  galvanometora  with  wires 
fixed  in  punitiuu,  the  defleotire  power  weakens  aa  the  resistance 
to  it  iucr«a«ei<,  and  the  influence  of  equal  increuentd  of  current 
is  rapidly  reduced,  as  seen  |  }54.  In  the  Bine  galvanometer  the 
needle  is  always  in  t)iu  liue  of  ntutost  action  of  tlie  current, 
because  the  wire  follows  the  needle  in  itsdefleclion.  Two  results 
follow  ;  I,  The  onrrent  always  exerts  its  full  power ;  and,  3,  aa 
the  needle  is  always  in  the  tiiiddle  of  the  magnetic  field  of  tlie 
wire,  any  oonstruotion  or  arrangement  of  the  wires  is  available, 
and  any  honzonlal  gal vauo meter  may  be  couvetted  into  a  sine 
Italvanomeler  by  placing  it  on  a  stand  movable  on  its  centre  and 
fitted  with  an  index  traiersiug  a  gruduated  scale,  as  described 
i  J44.  All  that  is  required  la  to  place  a  stop  or  a  small  weight 
on  each  side  of  one  end  of  the  indicator,  10  limit  the  mi>tion  to  a 
degree  or  two.  When  oturetit  passes,  the  needle  moves  aj^inst 
the  stop :  then  (lie  instrument  is  movttd  gradually  on  its  axis  till 
the  needle  resiimi-a  the  normal  position  oa  the  Eero  line.  A 
rooding  is  now  taken  of  the  defnees  of  arc  through  which  tho 
inKtnimtmt  haa  been  turned,  and  iho  current  is  propoTtiunal  to 
tho  sine  of  this  reading.  A  measure  of  the  value,  in  any  unit,  of 
ono  deflection  then  gives  the  values  of  all  roadiogB  from  a  IsMo 
of  sines,  but,  of  course,  variable  with  the  strength  of  thecartb'fl 
nugDctism,  and  other  influences,  aa  with  the  taugont  galvano- 
meter.  Longandheavy  needles  are  best  with  theeoiDstrumentx, 
which  are,  however,  little  used  now. 

J5/.  OuDLKAitr  Ualvakomxteba. — UoBt  galvanometers  are 
OompoKcdof  two  flat  coils  of  wire  placed  side  by  side,  with  » 
Bpooe  Ijotwcun  them  to  allow  the  needle  to  enter  tbo  chamlxir 
formed  by  the  interior  of  the  coils.  Tlio  power  of  tlio 
inBtromeDt  dependa  ujion  the  strength  of  tho  magnetic  6cld 
prodnoed  by  the  wire  wilh  any  given  current ;  that  is  to  iMiy, 
upon  the  number  of  turns  of  wire  which  an>  cfloctivo,  and  their 
degree  of  «ffi;clivencBB.  As  to  this,  it  might  bo  supposed  that 
the  poMtion  ofgreatent  influence  of  the  current  is  on  the  mtd 
line,  and  cWc  to  the  neerlle.  But  this  is  not  tho  case.  I  o<m* 
struclt^d  un  experimental  instrument  iu  which  tho  conilucttir 
oould  be  excliiiiiged  so  a«  to  ooDS'itnlo  a  single  turn  of  wire  at 
vertical  diiitances  of  j,  (,  i,  and  3  inches  from  tho  needle,  and 
movable  horizontally  to  any  distance  from  tho  zero  line.  I 
passed  uniform  currents  of  i  chemic  and  5  ■  a  ohomici^  and  noted 
the  deflections  through  a  largo  range  of  positions.  For  cxpori- 
mental  purposes,  InsHumcil  that  the  deflections  wereoftangentl'il 
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vftliiee,  nail  coiietruoteil  curvua  ot  action  ;  tlieeo  showed  tli&t  tbo 
power  of  the  oarr^nt  over  the  needle  increaBcs  lis  it  follows  tlio 
deflection.  As  tlie  wire  moved  out  from  Eeru,  the  deflection 
iuoreased,  as  though  tlie  needle  were  being  pushed  out,  Qritil  the 
wire  wae  nearly  over  the  pole  of  the  needle  :  it  was  evident  thjtt 
the  wire  is  ineD'ective  buyond  a  certain  hoiizontal  distance, 
which  is  emaUer  the  n'^tarer  the  wire  is  to  the  noodle.  The 
reason  iit  ohvious  if  wo  oonsider  the  nisgnetiu  helds  geuerated. 
It  IB  evident  that  the  ilouhle  cuilH  oonstitnte,  not  one,  but  two 
fields  overIuii|iing  eauh  other,  ancl  the  strongest  pari  of  each 
field  is  in  the  verlioa)  plane  uf  the  middle  of  the  coil.  Tha 
oonseqnence  is  that  on  tho  niiddlo  Une  of  the  two  fields  they  have 
a  weiiker  action  ujiun  the  pole  of  the  uiH.'dlfi  than  they  have  as 
the  deflectioTi  incroaaes.  The  action  of  oaoh  point  of  the  wire 
npou  the  pole  variee,  in  fact,  as  the  8c]uart>  of  its  divtunoe ;  if, 
then,  wo  cousider  the  action  at  the  zero  line  as  representing 
distance  i,  the  effect  of  the  two  ooiU  will  be  I  +  t  ^  2  ;  but  if 
the  position  in  such  as  to  lialve  one  distance  and  doulde  tho 
other,  we  have  the  sum  of  the  actions  4  +  '25  -  4"25.  double 
the  first  power.  Of  cuursB  thii  ia  ouly  a  very  rough  moile  of 
reckoning  what  coul.1  only  bo  exactly  represented  hy  an  olabdrats 
•iray  of  figures,  such  as  are  given  ia  sume  text  books,  to  oulculatd 
th«  proper  form  to  give  tho  wire  space  in  Thomaou'H  reflecUn); 
galvanometers.  As  tho  vortical  diat^nce  of  the  wire  increases, 
the  overlippiugof  the  two  fields  increases,  and  the  action  beoomea 
more   equal,  till  at  a  considor«ble  vertical  distance,    the  wire 

f^ives  a  ourve   approximating  to  tho  straight,  or  tangential 
ine. 

158.  It  ieeTident  that  no  simple  taw  can  give  the  value  of  the 
deflections  of  such  iustruments,  because  the  position  of  every 
turn  of  wire  has  its  efieot  upon  the  field ;  but  a  line  cau  bs 
asoet  Uined  by  eiporiment,  which  fulfils  the  function  of  the  tine 
of  tauj^ents  in  the  more  perfect  form,  this  line  hein^  a  oarvo 
varying  with  the  positions  of  the  wires.  This  (whiob  no  one 
else  has  described,  to  my  knowledge)  is  the  plan  I  devised  for 
calibrating  galvaDomotofB.  Ity  placing  tho  inatrumcnt  in  circuit 
with  a  tang-.'nt  galvanotnotor  graduated  in  amperes,  1  obtain  a 
series  of  corresponding  deflections  which  I  transfer  as  radial 
tinea  upon  a  paper  mounted  upon  a  table  bavinga  large  quadrant 
dra»-u  upon  it,  and  fitted  with  an  arm  working  on  a  centre  pin. 
Knowing  approximately  what  the  curve  will  bo.  I  run  a  pair  of 
oompabsea,  open  to  a  suitable  6paoo,  over  these  lines,  and  thus 
obtain  a  curved  line  which  cut  then  be  divided  into  equal  parts, 
and  wliich  nets  as  a  scale,  Beveral  feet  in  len^h,  from  which, 
by  means  of  the  radial  bar,  the  actual  dial  of  the  galvanometer 
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is  eaaily  and  ooneoUy  drawu.    Such  &  aet  of  onrrw  is  ahowu  tu 
Fig.  41. 

)J9.  Onoobjoct  I  have  aimed  at  in  gnIvaiioniet«rs  ia  to  ao 
construct  tliom  that  the  aotiou  of  any  of  the  horizontal  secUoDa 
flhould  bir  t"iHal,  and  mich  that  it  ahouhi  vary  as  the  nnmber  of 
tiirus  of  wiro  occupying  tUat  section.    Thin  can  only  be  really 


accomplished  oti  condition  that  there  in  no  central  opening;,  bnt 
it  can  bo  appFonobed  if  tlio  wire  in  tho  inner  layers  in  extended  mo 
far  into  tho  ineffective  Mpaoe  u  to  oompenaat4j  fur  the  greater 
power  of  tho  turns  near  the  middle. 

Of  oour§o  tluHdiniiniflhcH  the  netiial  power  of  tho  instminent : 
bnt  the  object  i»  not  to  nse  tho  wire  ho  aa  toproduoo  the  utmiuit 
effect,  but  tu  ubuin  a  partioalar  rusult.  In  thin  way  I  have 
prodacod  circuiti  of  1,  10,  too,  1000  turns,  which,  witli  thoite 
numben  of  ohms  in  circuit,  wonld  each  prodaoe  a  defleotiou  of 
)4°  with  a  current  from  the  same  Daniel!  cell. 

Fig.  41  ahowB  a  set  of  graduation  ourvea  obtained  for  aa 
intftrumant  having  four  circuits,  eousiatiug  of 

No.  4,     ..     900  lurna  No.  i6  oottou-oovered  wire 
3i     •■       90        „         18  .,  „ 

a,     ..         9        t,         18  „  doubled 

t,     ..         In         sheet  copper. 

The  whole  being  conttnuoue,  this  gives  four  oirouitsof  1,  10, 
100,  1000  turns,  so  arranged  as  to  have  approximately  equal 
Mtiona,  and  give  reading  of  current  from  tj  ampi^res  to  'OOOi. 
In  this  infltrument  there  was  a  wide  o[)en)ug  in  tlie  middle,  and 
the  elfeot  ia  shown  in  Curve  4,  which  ia  that  of  the  oirouil 
cdoaest  to  the  needle.  Where  the  curve  rises,  the  current  haa 
least  power.     The  curve  shows  also  by  its  rapid  fall  beyond  ^o' 
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tb&t  the  wire  does  not  estend  f&r  enough  from  the  needle  to 
eqnaliee  the  field,  (.'urve  i  shows  the  effect  of  increased  rcrtica) 
dlfltADoe  iu  doing  away  with  the  effect  of  the  middlo  opening, 
and  also  in  ntiliKing  tho  onter  portion  of  the  plate  of  metal 
filling  the  space  derotod  to  that  circuit.  It  shows  clearly  that 
at  a  further  distance  the  curve  would  flatten  down  into  the 
simple  tangent  lino.  Fig  40,  which  is  the  scale  of  equal  parts 
shown  Fig.  41,  indicating  amperes  on  Curve  i,  and  the  corr»- 
sponding  decimal  siibmultiples  upon  the  other  curves.  It  ahoiild 
be  understood  that  an  unsatis&otory  instmment  is  here  selectud. 
bwausc  of  the  lessons  it  teachos,  and  because,  onthissmall&calot 
good  ciirvea  would  run  into  vnch  othor  too  much. 

I  havo  made  instruments  on  this  plan  which  would  mcaeure 
otirrents  from  that  of  a  large  Grove  c<Jl,  say  18  amperes,  diroct 
Mid  without  shunts,  down  to  tbut  posaiug  through  a  vacuum 
tube, 

]5o.  It  is  lemArkable  that  no  test-liouks  explain  that  gnlvano- 
meters  can  show  the  reBistance  of  the  circuit  as  well  as  the 
current,  provided  the  electromotive  furce  is  known.  I  diecoTored 
and  patented  this. 

Ae  current  and  resistatico  are  linked  together  by  a  defined 

law,  they  being  inverse  to  each  other,  as  ^  =  C,  and  -=^  =  H.  so 

ftlflo,  as  in  a  tangent  galvanometer,  C  varies  as  Ike  tangent  0/  Ihe 
au'jle,  it  foUowa  that  the  resistance  varies  as  the  co-tan/jeni  of  /A« 
anglr.  Therefore,  ns  t tie  lino  of  gradiialion  for  current  originates 
lit  the  Kero  line,  or  nt  0%  ao  also  a  true  line  of  graduation  for 
resistance  originatcaat  90",  the  graduation  of  that  line  depending 
on  tho  EMF  employed;  the  Ddciell  cell  is  the  only  one 
Huitable  for  this  purpose. 

361.  For  convenience  of  amateurs  who  may  wish  to  oonstruot 
Mn  instrument  of  this  kind,  1  describe  a  simple  form  with  three 
oircnils,  which  willnnawer  many  purposes. 

Fig.  41  represents  a  stand  with  throe  levelling  screws;  on  it 
are  fixed  the  coils  <'f  the  galvanometer  and  a  commutator  for 
Ihruwing  different  lengths  of  wire  into  circuit.  The  eoila  may 
be  made  in  one  frame  on  u  flat  copper  tulje,  or  as  is  usually 
done,  in  two  part«,  one  on  eiicli  »ide  of  tho  needle ;  tho  sides  of 
tho  frumts  are  secured  to  the  stand  either  by  brackets,  or  if 
made  of  wuod,  by  brass  screws  passing  up  through  tlie  stand. 
Even  if  made  Heparnte.  the  two  sides  of  the  coils  should  be 
tnonnted  tujj^-tliurunone  mandrel  for  winding,  so  as  to  distribute 
the  wires  eiiually  between  the  two.  The  chamber  within  the 
coils,  in  which  the  magnet  plays,  should  be  2  inchi.-s  lung  and 
^  inch  deep,  and  the  &amu  made  }J  inches  long  and  ij  inch 
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high,  BO  ft8  to  form  ohanneU  or  space*  In  wtioh  the  wire  will 
lie,  J  iach  wide,  and  th«  eamii  in  depth  all  rouud  the  C6ntral 
chamber. 

The  laying  on  of  the  wire  begins  in  the  middle,  and  each 
end  must  complete  an  exact  turn  at  the  middle,  or  the  indicRtioDS 

Fia  IS. 


bo  iaitocumte.  First  lay  on  90  turns  of  Na  so  oottoa- 
•fVttmd  Wmer  wiix',  leaving  6  inches  out  for  oouneotioii ;  45 
tani  OB  Men  aide  will  bring  the  coils  hack  to  the  middle  lioe. 
Solder  the  end  of  tho  Xo.  10  (at  the  exact  turn)  to  a  double 
length  of  No.  18.  leaving  6  inolieaoftlieae  out  for  the  oonnoction, 
and  lay  on  nine  tnms  of  one  of  these  wires  in  each  clumnel,  ao 
u  to  divide  the  current  between  them.  Finish  with  a  atrip  of 
copper  I  inch  wide  joined  to  the  18  wire,  at  the  exaot  epot 
oomploting  a  turn,  and  leave  the  ends  of  the  wire  out  for  oon- 
nootion  ;  make  one  turn  of  the  strip  and  bring  out,  on  each  side, 
a  wiro  soldered  to  it,  for  the  comiaenoement  of  the  coils.  This 
will  give  three  circuits  with  deoimal  ratios  (nearly)  to  osch 
other.  The  wire  ends  are  to  be  carried  tbrongo  tho  stand,  and 
led  to  the  required  points.  The  two  ontsido  ends  are  taken  as 
ono  (dividing  the  current)  to  the  binding  screw  +;  the  next 
pair  of  No.  1 8  lepresentini;  one  turn  round  tho  needle,  are  taken 
to  I  of  tho  commutator  ;  the  next  pair  are  taken  to  3,  giving  10 
turns ;  the  first  end  of  No.  20  wire  which  completes  100  turns 
goes  to  J. 

)6i.  The  ooTDmntator  is  similar  to  the  one  used  frequently  on 
]B«dioal  coils,  a  oentml  pillar  oooneoted  to  binding  eorew  —  and 
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»  spring  from  it  trsveninif  over  the  numbered  stutls.  For  some 
reasons  it  i«  better  to  uite  mercury  cups  thus:  a  block  of  hard 
^ffooA  an  inch  thick  has  ceutiul  anil  radial  boles  |  inch  deep  by 
^  inch  bored  in  it,  and  when  fixed  on  a  6taud.  holes  are  bored 
through  just  large  enough  to  p^iss  a  No,  1 2  coppor  wire,  «a 
which  a  nead  has  been  hammered  up.  These  heads  aro  well 
amnlgamated.  and  a  piece  of  wire  bent  twice  at  right  anglos 
pusaeB  from  the  central  cup  to  the  one  desired  to  be  used  ;  the 
reeistances  are  thus  kopt  very  small,  eo  that  when  useii  for 
measuring  batterien,  Ac,  they  may  be  ienored  in  many  casca. 
A  convenient  cnmmutntor  ia  made  with  lirase  screws  fixed 
near  the  edee  nf  the  under  side  (if  the  base,  to  which  the  wires 
aru  soldered,  a  considernble  lump  of  solder  ruu  over  them,  and 
all  brought  to  a  level ;  a  spring  with  a  projecting  handle 
traverses  iheae  screws,  lieins;  itself  held  at  any  convenient  jiart 
of  tite  middle  lino  of  the  base  by  a  braB<4  screw  and  a  liirgo 
bearing  surfitce  connected  to  the  proper  tonainal. 

The  needle  is  i  \  inch  long,  of  four  strips  of  watch-spring,  and 
may  be  Rtted  with  an  iudiuator  and  mounted  in  either  of  tlin 
ways  desoriboJ  §  J05,  ho  uts  to  play  within  the  central  spaoe;  if 
moanted  on  a  point  a  long  needle  may  be  fixed  in  a  piece  of 
brus  and  screwed  up  through  a  hole  in  the  stand  and  in  the 
laiddle  of  the  ooils,  with  its  point  somewhat  above  the  level  of 
tho  frame.  On  the  frame  is  secured  a  dial  of  cardboard,  with  an 
upeniug  in  the  middle  to  pass  the  needle  through,  and  a  giants 
cover  should  go  over  all. 

j6i.  The  graduation  can  be  effected  as  before  described,  but 
tho  following  values  will  approximate  to  the  readings  : — 


CUttlN.  V*tnm.    I   Chaalo.   Dwna.        Cb«DlaL   Dift*^ 
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These  figures  represent  the  indications  on  No.  i  circuit:  when 
No.  a  is  employed  they  are  to  be  divided  by  10,  and  by  100  for 
Noh  ;.  By  using  finer  wires  more  circuits  may  be  used,  but  the 
sixe  of  the  frame  must  not  be  increiised,  and  the  whole  space 
must  lie  filled,  ur  the  ratios  will  not  hold  good. 

J64.  Vertical    Galvahoufters. — For    many  purposes    the 

L needle  works  in  a  vertical  plane,  mounted  on  a  central  pivot, 
in  which  case  the  needle  is  double,  one  working  inside  a  coil, 
the  other,  with  its  poles  reversed,  working  oulside.  Such  an 
instrument — which  is,  in  fact,  the  needle  telegraph  instrument 
—has  its  adraDtagfis  in  Itistautuieous  action,  as  the  needle  does 
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not  vilirftte  ne  in  the  ttoiimntAl  form,itnd  rcAdy  vi(ii)>iIitT  from  a 
diNtAnce,  which  Epeci»llyiuln|it«  them  for  uieuMmi^rc  iudicfttors; 
they  can  nleo  be  tiiuced  in  miy  puaition,  iind  are  not  much 
distnrbed  I>y  tieighhouriug  currents  ur  miigneta,  but  their 
iudicHtione  we  net  to  W  trusted,  ns  explainoul  j  J4j.  Tboy 
are  much  u«ed  in  pructioul  ufierutious,  micb  ns  tetttin^  wires, 
tor  ihoir  portnbility  and  generul  hiiudinusB,  und  in  sncn  Oksee 
urtt  usually  miule  with  a  double  wire  so  aa  to  be  eniplc>yi.Ml  an  a 
differential  gnlvauomoter.  The  constnictiou  is  tlie  samo  aa 
that  of  hiirimntal  iustrii merits,  the  difference  being  in  the  mcxle 
of  suMpeniline  the  ueedlee  and  the  inotinting  in  •  caue. 

'Die  seasitirenesB  niny  lie  increuseil  if  the  axis  of  the  needles 
is  [lointed  nt  the  back  sd  hb  to  work  in  a  cup,  by  iudiuine  the 
instrument,  aud  so  diminishing  tlie  height  thruugh  whioTi  the 
weight  has  to  lie  lifted  for  a  given  delloctiou. 

365.  DiFFEitKSTiAL  Galvauoubtbrs.— These  luay  I16  mtule  of 
any  form.  They  cnnaist  of  two  similar  wires  side  by  side 
throughout,  but  carefully  iusulated  fnim  ettch  uthi-r ;  they 
must  have  etjual  inllueuce  upou  the  needle,  and  also  etiual 
resistaucb  To  secure  the  firttt,  care  must  be  taken  that  the 
wires  are  equally  tightly  laid,  so  that  one  has  no  greater  lengtli 
at  any  part  than  another.  They  should  make  a  half  twist  at 
eaoh  layer  to  bring  lliein  alternately  the  nearest  to  the  ueodle ; 
if  this  precautiun  is  nut  taken,  aud  a  needle  suspended  by  ft 
fibre  is  used,  the  needle  is  apt  to  be  drawn  bodily  towards  one 
nde,  and  to  be  deflected  in  opposite  directiuus  according  to  the 
side  it  is  drawn  to,  in  which  case  no  reliance  oau  be  placed 
ujxm  it,  as  the  least  change  of  level  will  cause  it  to  turu  «ither 
way  with  the  same  currents.  For  this  reason,  probably,  dif- 
ferential galvanometers  are  usually  made  with  pivoted  needles, 
tliUB  lowering  their  sensitiveness.  To  test  the  equality  of 
action  the  two  coils  are  to  be  connected  at  the  one  end,  so  that 
the  current  goes  by  <:>no  and  returns  by  the  other ;  no  deflection 
should  be  produced,  however  strong  the  current.  If  any  is 
shown,  it  may  be  corrected  by  adding  one  or  moixt  turns  of  one 
wire,  or  if  this  gives  over-con'eotion,  by  nulaying  part  of  the 
wire  having  loast  influence  aud  laying  it  again  somewhat 
loosely  so  as  to  lengthen  it.  The  equality  of  resistance  may 
then  be  tested  by  connecting  up  the  instrument  so  as  to  divide  a 
carrent  between  its  two  coils  with  reverse  action,  and  adding 
wire  outside  the  coils  to  the  one  having  most  effect  nntil  they 
exactly  balance ;  or  the  resistauoes  may  be  equ&lized  by  means 
of  the  bridge. 

A  differential  galvanoraeler  may  be  employed  as  a  ringle 
oironit  of  alterable  resistance  and  powers,  as  one  cilcilit  rnvj  Va 


I 


I 


I 


190  UBtSURBKBNT.  [}^- 

used  alone,  or  tho  two  couplod  na  one,  roduciiig  the  rwiHtiiQC* 
to  half  of  that  of  n  single  circuit :  or  they  may  be  used  in  HcriM 
with  doable  the  resistance  bnt  double  the  action  on  the  needle, 
each  of  which  AtTangementB  tiaita  varied  coudilious  of  registanco 
in  tho  rest  of  the  circuit ;  STich  an  iDstrument  is  therefore  of  uae 
with  the  \Vheat«to»e  briiige. 

)6£.  A  good  differential  galvanometer  ennblea  reaietanoe*  4M 
well  as  currents  to  be  compared  on  principles  aimilar  to  thoaio 
explained,  $  }99.  If  the  two  coils  are  exactly  equul,  'currents 
may  be  compared  by  passing  them  in  opposite  directions.  Two 
reeiBtanccB  may  be  compared  by  putting  one  in  each  circuit, 
and  Ihon  conncoting  to  one  battery  «o  as  to  divide  the  current 
between  them:  if  one  is  a  rwisUnce  t<>  he  measured  and  the 
other  a  resistance  instrument,  by  altering  the  latter  till  there 
is  no  effect  upon  the  needle  it  measures  the  firat  rusistanoo, 
Uoltiplying  ratios  are  given  to  the  instrument  by  means  of 
shunt^,  §  }69.  These  are  ptvivjded  to  one  or  bntli  the  circuits  in 
auch  way  as  to  open  other  paths  to  the  current  and  allow  ^  or 
j^jf  of  It  only  to  pass  the  ooita ;  then  the  actual  resistanoo 
inserted  in  the  other  cirouit  has  to  be  multiplied  by  loor  loo  to 
give  the  resistance  which  it  balances. 

In  using  these  iustrumenta,  when  the  reststunce  to  be  measured 
is  equal  to  or  greater  than  that  of  one  of  the  wirua,  the  resistauoo 
and  rhoeetat  shuuld  he  insertetl  in  the  circuit  as  dtMoribed :  but 
if  the  roaistance  is  less,  it  is  better  to  couple  the  two  circuits  so 
oa  to  neutralise  uixth  other,  and  to  use  llie  rheostat  and  »>• 
sistanoe  to  be  nieafiurod,  as  shunts,  one  for  each  circuit. 

jGi.  Tiioii$on'&  Bei'lectob. — This  valuable  instrument  is  ao 
pnrely  technioul  in  its  uses,  that  u  full  description  is  hardljr 
required  herij,  especially  as  it  is  rarely  likely  to  be  made  by  any 
one  not  familiar  with  it.  It  is  usually  oonatruoled  upon  a 
vertioal  brass  plate  about  |  inch  thick,  seoorety  mounted  by 
pill&n  upon  an  ebonite  stand.  In  tho  plate  and  upon  each  side 
of  it  are  turned  circular  recesses,  leaving  a  tliiukuese  of  lew 
than  |,  the  cuntre  of  which  is  also  entirely  cut  awuy,  as  well  aa 
a  vortical  space  in  which  bangs  the  needle  system.  Four  reels, 
about  I  inch  wide  and  of  2  ti>  2^  inches  diameter,  of  brass  or 
obouit«,  with  a  central  tube  of  I  inoli  liore,  contain  the  wire,  and 
are  made  to  tit  into  the  recesses  of  the  plute  and  held  there 
dther  by  lor^e  beaded  screws  or  hy  turning  smuU  catches  so  as 
to  grip  the  edge  of  the  reels.  The  coils  are  connected  in  puirs, 
leaving  four  ends  which  are  oounuot«d  to  binding-screws,  so 
that  if  the  coila  are  exactly  alike  and  carefully  adjusted  they 
may  be  used  differentially,  or  at  any  rate  l>e  oonneet'ed  variously 
as  described  £  }6j.     In  sumo  oases  also  there  are  double  wires 


used  to  make  tli<;  inntntiuoDt  »  truly  difiTcrontitil  uno.  AooordiDg 
to  tho  pnrpoBejt  ileeincul,  diffonMit  »iraj(l  wire*  are  uaed  ;  Imt  fino 
wire  (Na  40)  in  Ben<imlly  naod,  nnd  a  rosistnuce  uf  8cxx>  or 
■0,000  obmn  laici  ou. 

The  n«edlo  system  (wnsista  of  two  piooea  of  wntch-spring 
J  inch  long,  cemfQtoil  iijion  an  ntHniinhtm  wire  so  ah  to  ticouiiy 
the  middle  of  the  eoil  tuliea;  on  the  uppvr  needle  is  ulso 
oemoDtod  a  mirror  made  of  a  micTosoopic  cover  nilvered  and 
inclinod  bo  oa  to  reflect  u  little  upwnrds,  and  a  slip  of  micii  is 
fixod  aorooB  the  lower  neeillf  so  as  to  act  as  a  damping  vane,  and 
limit  the  play  of  the  needle.  At  the  top  of  thci  snpporting 
plate,  and  in  a  hole  drilled  i.^xactly  down  the  central  line,  i»  a 
sliding  ivire  with  a  bote  in  its  lower  end  to  which  is  hooked  a 
silk  fibre  attached  to  the  ainminiiim  roJ  of  the  nt^dles;  this 
fibre  shonld  have  as  much  length  as  possible  given  it,  and  by 
mlightly  mising  or  lowering  the  rod  the  needles  can  be  properly 
aminged  for  work,  or  lowereil  so  as  to  tidce  th(.-ir  weight  on  the 
fibre  when  moved  about;  this  needle  system  eho«ld  weigh 
(0 together  only  }  or  4  grains.  The  mirror  is  sometimes  mnde 
Munuwliat  concitve,  ho  as  to  conoontnte  the  ligbt  at  a  giveti 
fooui. 

The  instrument  is  covered  with  a  cylinder  of  glasa  with  a  flat 
brasH  top,  from  the  middle  of  which  naee  u  braes  rod  filtod  with 
a  tangent  screw  to  move  it  gently  round.  The  rod  carrie*  a 
sliding  tube  on  whieh  is  &xed  a  fiirvetl  magnet,  by  altering  the 

Eoaition  of  whioh  the  needle  i«  cuntrcdled,  aa  to  dclioacry  by  the 
eight  of  the  magnet,  and  ax  to  ponition  by  tin;  Hue  in  whioh 
the  magnet  is  jilaced,  mo  an  to  BuperHodo  tlie  ttniall  dimctive 
action  of  the  earth  upon  tlie  nearly  uatatio  uevdle  Hyntem,  whinh 
is  powerfully  ooiitrolled  by  Ihia  loaguot  owing  to  it«  greater 
noarness  to  the  npper  needle. 

}68.  The  index  is  the  beam  of  light  reflected  by  the  mirror 
from  a  lamp  placed  bohiud  a  screen  2  or  more  feet  distant : 
usually  a  narrow  slit  is  provided,  which  thus  sends  back  a 
narrow  line  of  light :  it  is  much  better  to  use  a  ^  inch  ciioular 
Opening  with  a  vortical  wire  (which  should  be  a  dead  black) 
stretched  across  it ;  this  roflecte  a  black  line  crossing  the 
graduation,  surrounded  with  light  enough  to  enable  the 
graduation  to  be  observed.    The  ligbt  is  improved  also  by  being 

tilaced  some  distance  back,  with  a  reflector  and  concentrating 
BUS  adapted  to  the  distance  of  tho  mirror,  so  as  to  get  a  bright 
spot  which  does  not  requite  so  mnolh  darkening  of  (he  operating 
room. 

The  tereca  has  upon  it  a  scale  of  oqnal  parts  momtted  OD  a  slide 
for  adjiutuient,  and  tho  whole  is  to  be  so  amufgvl  ^XtaX  "Ckm 


^ 
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indicating  line  or  spot  is  upon  th«  >«ro  1in«>,  &nd  is  eqitilH 
defiectod  to  cither  ude  with  reversed  equal  currents  The  hant 
Hereon  is  one  of  glass  made  translucont  by  grinding  or  by  mentis 
of  BtittAble  vamiBh,  upon  which  the  scale  is  engraved.  Thia 
fiirm  of  scale  is  placed  between  the  observer  and  the  instrunieiit, 
ikRii  shontd  have  a  frame  work  of  black  cloth  around  to  throw  it 
up ;  it  con  then  be  used  in  diffused  daylight. 

The  detlectioDs  within  the  small  limit  of  play  allowed  are 
proportioUAl  to  the  tangent  of  the  angle  of  deflection,  and,  ood- 
soqtivntly,  to  a  straight  line  divided  into  equal  parts  formiiig 
the  scale :  an  absolute  value  can  he  given  to  the  defleotious,  w 
with  the  tougeut  galvanometer,  by  ascertaining  the  value  of  cue 
deflection :  but  this  value  will  only  hold  for  tlie  same  distanoe 
of  the  scale,  which  distanoe  can  therefore  be  adjusted  so  aa  to 
bring  the  unit  deflection  of,  say  too  parts^  to  some  decimal 
tubmultiple  of  the  aiui>^re. 

369.  A  «Aunt  is  always  provided  with  the  instrument  so  as  to 
send  ^oVd>  lidi  i'a)**!' ^' tbecurrenls  into  the  coils:  by  unng 
these  as  accuracy  of  measurement  is  approached,  observations 
can  be  made  witiiout  throwing  the  needle  about  too  violently. 
The  iiiBtruiHeiit  must  be  absolutely  steady,  and  therefure  fixni 
.upon  a  brick  pillar,  or  upon  a  shelf  fixed  on  a  solid  wall,  other* 
wise  the  spot  of  light  is  always  dtiiioing  about,  and  it  is  iin> 
possible  to  make  any  naefol  observations, 

17a  Permaueut  magnets  uiay  he  attached  to  any  farm  of 
galTaQometer,  as  doscribod  5  jCy,  as  is  done  with  the  Poet  Office 
tangent  galvanometers,  and  they  way  be  adjusted  by  putting  k 
good  Oaniell  cell  in  circuit  aud  a  total  reeiatsuee  of  i  -07  ohutK 
or  the  proper  multipk-,  and  shifting  the  magnet  until  tho 
instrument  reads  the  corresponding  unit  current. 

J71.  Control  MagnrU  &rd  MSiA  in  other  forma,  in  snhstittltioo 
for  the  earth's  field :  thej[  are  more  powerful,  which  makes  the 
inatnuneut  more  sensitive,  and  they  are  leas  subject  to 
distnrbanoo,  a  great  advantage  in  the  neighbourhood  of  dynamo 
machines ;  but  though  it  is  said  by  those  concerned  that  they 
rotaiu  their  charge,  that  is  not  an  acoepted  belief,  see  5  145. 
They  have  been  used  in  England  by  l^fessors  Ayrton  luid 
P«rry,  and  in  Franco  by  M.  d'Arsonval.  Any  form  of  coils, 
boriEOutal  or  vertical,  may  be  used  ;  but  the  needles  shonlil  bo 
amall,  and  arranged  in  the  centre  of  the  field  of  the  pcrmanoiit 
magnet.  In  some  im^truments  the  control  magnet  is  constituted 
by  the  ooirent  itself:  in  this  case  tho  core  should  attain  ita 
maximniii  magnetism  n-ith  a  small  current ;  a  wire  of  vcir  pure, 
■oft  iroD  M  long  as  can  conveniently  form  a  borso-xhoe  witniii  the 
instrument,  may  bo    wound    witn    a    Uyor   of   wire,  acting 


as  a  (ihunt  to  (Jio  coils:  tho  size  and  lon|^h  of  this  wiro  will 
vary,  of  oourso,  aocording  to  tho  maguitudo  of  tho  oumi&ts 
intondod  to  bo  measured. 

When  pormaoont  maji^ets  form  part  of  n  moasaring  instm- 
moDt,  thoy  nhould  bo  mado  of  tho  best  magnotic  stool,  mag- 
Dotizod  to  saturation, and  then  snbmitted  to  luoderato  vibrtttjons. 
such  as  tapping  witJi  a  piece  of  wood,  and  dipped  in  boiling 
water  a  few  tinics  witli  somo  iJb.vii'  interval  ;  una  will  bring 
them  into  tio  practic.illy  ponuanent  conditioD  they  nro  likely  to 
retain,  unless  subjected  tontngnctic  stresses. 

J7i.  A  Milenoid.  a>Hh  vfl  irtm  cmc  to  Ixs  drawn  into  it,  uinkea  a 
simple  and  convoniont  nict«r,  best  suitcfl  to  largr-  oiirrcnts,  and 
many  forniH  can  tw  doviscd.  The  core  cati  be  suspended  fruin  a 
fiprtng  bubtni.-e,  and  pro^ver  giadiiutiim  bu  cffoct«<l  as  with  other 
instniineuts  ;  or  it  can  bo  count cqirisud  and  blung  over  u  pulley 
fitted  wilh  an  index  nriu,  go  as  to  cuiisu  a.  G:iiall  vi-rtlu!il  uiutloa 
to  innvo  tho  index  over  a  large  spaoe,  uud  thus  givu  leitdy  sub* 
divitiion. 

y]\-  A  goo<l  plan,  not  rendily  adopted  by  amatenrs,  is  to  put 
the  iron  into  tho  long  bulb  of  a  hydrometer,  which  ia  plaood  ia 
a  olueed  tube  ountaiuiog  a  auitable  liquid :  tliia  tuba  then  forma 
the  core  of  the  ooU,  and  the  indieutions  are  j^vcu  by  the  length 
of  the  hydrometer  Bt«in  drawn  into  the  li(|utd,  or  by  a  painter 
attached  to  it  and  au  «xt«nial  scale.  The  iron  luay  be  a  bundlfl 
of  wires,  and  it  should  bo  conical  in  form,  largest  at  tho  top,  ao 
as  to  prolong  tho  pnll  of  the  current  and  equalize  tho  divlsiona 
of  the  scale,  by  tho  growing  mass  of  iron  aoted  upon  conipoii- 
satiug  the  diminishing  pull  of  the  coil. 

J74.  Biii.M^ic  Galvanomcteus  aro  of  any  typo,  but  provided 
with  n  Domlto  having  mo  much  inortin  that  it  swings  slowly,  itnd 
doGB  not  oompluta  it»  firat  swing  till  Eome  time  after  tho  ending 
of  the  momentary  currents  Ihiit  are  used  for  measuring.  A 
weight  is  often  attaolied  to  the  noedlo  fur  this  purpusu,  but 
thfiv  should  be  as  tittle  air  resistance  to  motion  a»  possible. 
They  ore  used  for  measuring  the  discharge  of  a  coudeusor, 
or  the  induced  ouirent  at  break  of  circuit,  and  the  indi- 
cations ore  proportional  to  the  sine  of  half  the  angle  of  the  first 
■wing. 

j7;.  Voi.TMETEiia  are  simply  galraRomotors  of  high  n'sistauoo 
innortod  as  oliunts  iu  the  circuit  they  are  iutcuded  to  measure. 
Thoy  are  baaed  upon  Ohm's  law  and  tho  proportions  of  E  Itl  F 
and  curreut  in  a  fixed  ciiouit ;  they  require  oomotiou  for  tem- 
perature if  accuracy  is  desired  \  they  are  the  more  to  be  relied 
ujKin  the  higher  their  resistance,  as  they  shoold  not  alter  tlie 

ndttions  of  the  total  circuit  appreciably,  as  thc^  A.(i  Vwsvk 


tlieir  own  rteistanoo  doca  not  very  greatly  exceed  tliat  of  tt 
oirciiit  tliey  are  used  vritJi.  _ 

J76.  German  Silver  Wiee.— For  purposes  ref|niring  m  hif^h 
aim  oouBtaiit  rusialjuioe,  gal  v;i  mime  to  re  anj  Ix^st  mnio  of  German 
silver  wiru,  owfiug  to  ito  small  variation  of  rcBisUneo  by  tem- 
peiature.  But  this  only  relates  to  external  teinperiituro :  as 
to  thii  healiug  effects  of  Ibe  current  itself.  German  silver  wiro 
ifl  worse  than  copper,  and  tliereforu  variations  in  tlie  r^itio  of 
shunts  will  be  greater  with  it  Uian  with  copper.  German 
silver  increases  it«  resistanoo  only  about  J  as  much  aa  copper, 
but  a  wire  of  tho  same  size  would  have  12  times  tlie  resistauoo, 
and  therefore  oollect  in  it  13  times  aa  much  heat  from  tho 
paasin;;  ourrenL  German  silver  wiro  ia  most  naeful  in  voltametoin, 
for  which  the  new  alloy  called  platinoid  ia  also  useful.  But 
for  all  ordinary  purposes  wire  of  the  very  highest  conductivity 
ehould  be  empfoyod. 

J77.  Rgsiktan'ce  or  Oalvjimoueters. — It  ia  usually  stated 
that  tho  resistance  should  equal  that  of  all  tho  rest  of  tbo 
circuit.  Tbie,  like  tho  similar  statement  ae  to  batteries,  is  apt 
to  inielead.  Bfinitanee  ax  mfh  ha*  nothing  to  dn  itith  thr  natter  ; 
it  is  always  a  disiidvnntaige,  except  for  ap<.'oisl  purposes.  But 
reiiistanoe  carries  with  it  the  number  of  turns  of  wiro,  and  non- 
sequetit  power;  thereforo  in  ft  given  apace  for  coils  of  wire, 
that  space  should  be  occupied  by  stout  wire  in  a  circuit  of  small 
resistance,  because  fine  wire  would  inlrodnce  a  useless  msiatiinco  ( 
with  a  circuit  of  large  resistance  fine  wire  must  be  used  ia 
order  to  get  NufEcieiit  ofiect.  But  a  fine  wire  instrument  can  bo 
utiliEed  by  means  of  shuuti'.  which  divert  part  of  the  currant 
from  them,  reduce  their  sensitiveness  aud  also  tho  resistance  of 
the  circuit. 

378.  Uexsouement  by  Chkmicai,  Action. — Faraday  proved 
'that  when  ui  eleclrJo  ourrent  passes  thmngh  a  liquid  (wbethor 
fused  or  in  solution),  the  substance  is  separated  into  two  parts, 
oni)  of  wliioh  appoiirs  at  the  jjositive,  the  otlier  at  the  nef;atJTo 
pole.  As  tbia  chemical  action  ia  proportional  to  the  "quantit^"of 
eloctrioity  ciroulating,  nny  audi  aotion  can  be  used  to  measure 
tbo  current  which  effocia  it.  The  process  commonly  used  is  the 
dccon  I  position  of  dilute  sulphuric  acid,  usually  termed  the 
deooni  position  of  water,  because  tbo  constituent  goaos  of  watOT, , 
IljO.  aro  set  free. 

j7^.  Vo[.TAMKTEiia.^lEBtrumonts  for  this  mode  of  measure-! 
nent  arc  thus  named.    Their  form  is  subject  to  infinite  variation^  I 
for  all  tho  osscntials  are  tho  two  conductors,  an  outlet  for  the 
gases,  and  a  means  of  measuring  them,  cither   separately  or 
together.    The  drawback  to  tboeo  instrumonts  is  that  thoy  not , 
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only  present  ft  consitlorablo  rcnistancc,  but  create  a  Munfer  eltctro- 
motlvo  toroe,  which  in  the  coeo  of  gases,  itcmils  a  force  equal  to 
cine  Qrovo'§  coll  to  bo  omfiloyed  solely  in  working  th« 
vi>Itamat«r.  Tho  oloctrical  retiHattce  proper  is  a  tnatlor  of  sise 
of  plah>f,  which  must  bo  proportioned  to  tho  current  thoy  nro 
intcadcd  to  pass;  this  cannot  bo  controllotl  by  shunts,  bocauso 
of  tho  counter  £  U  F  whicli  acts  as  a  variablo  rmistaDCO  in  tho 
coll.  For  general  uso  tho  ptatos  should  bo  aa  targe  as  is  con- 
venient ;  platinum  is  used  because  it  is  not  autod  on ;  carbon 
would  answer,  but  Tor  its  tendency  to  absorb  tho  ^nsos ;  and  tho 
fiction  notic«d  S  517  unfits  it  for  uno  m  nnodu  witti  coironte  of 
lar^o  density. 

}iJo.  A  simple  form  may  bo  modo  from  nn  ordinary  wide- 
mouthod  bottle.  Two  plates  of  philiniiiii  witli  wires  attached 
arc  mounted  on  tho  cork  with  binding  screws  uutEide;  in  tho 
middle  of  tho  cork  a  class  tuba  is  Gttud  tu  carry  off  tlio  ^ns  by 
moans  of  a  flexible  tube  to  a  measuring  juri  the  end  of  tbie  tulie 
should  project  a  littlo  within  from  the  surface  of  tho  cork  and  be 
out  off  slanting  so  ns  to  losigt  tho  ingress  of  moisture,  and  tho 
cork  should  ba  Ixiiled  in  multcd  paralBn. 

If  it  in  desired  to  <;ollc<;t  tho  two  giisus  scparatoly,  tho  cork 
should  bo  fittod  with  two  gluss  tulivs  as  large  as  it  will  admit, 
and  going  nearly  to  tlie  bottom  uf  the  boLtlu.  The  tubes  should 
bo  loft  upon  ttt  the  bottom,  and  closed  at  the  top  with  a  cork 
fittod  M  boforo,  witli  a  ga»  leading  tubu  and  a  strip  of  platinum : 
thcM  gtTJuf^  off  each  its  proper  gas  williin  the  tubo,  complotiDg 
tho  liquid  circuit  by  tho  open  ends  dipping  in  the  liquid. 

For  oxporimonts  with  very  small  currents,  aa  with  iriduotJoa 
coils,  lurgo  Burfaccs  are  objuoti enable,  as  so  much  gas  is  rotained 
by  them  and  in  the  liquid :  fur  snvli  oooasious  a  wire  inuloiied  in 
a  glues  tube  melted  to  it  and  exposing  only  tbo  end,  is  used. 
These  may  bo  fixed  in  tubes  and  usod  bb  just  dosoribeil,  or  both 
muy  bo  passed  through  a  cork  in  the  neck  of  a  small  bottle  with 
itit  bottom  out  off,  in  which  two  siiiitU  test  tubes  ran  be  inverted 
over  the  conductors,  so  us  to  make  a  model  of  ono  of  tho  commoa 
forms  of  voltumotor. 

)8l.  As  bcforo  stated,  these  iustromccts  are  objectionable  on 
oooount  of  their  groat  resistance.  It  ix,  however,  quite  possible 
to  have  a  Toltamet«r  which  shall  not  give  resistance,  but  eball 
help  the  ounenb  A,  Smee  cell  is  to  all  intents  a  voltamet«r,  if 
wo  collect  the  gas  given  off,  and  ascertain  how  much  of  it  is  due 
to  local  autioQ ;  tho  mode  of  effecting  this  is  described  i  1^8  :  a 
cell  for  this  purpose  should  be  largo  enough  to  transmit  tho 
current  freely,  and  its  outlet  should  bo  cloa»j  wbeu  not  in  use 
eo  as  to  keep  tho  liquid  charged  with  gas. 


jSj.  Wohavcnow  to  Icnm  what  tho  moasnroof  Cfts  givou  off 
ches ;  a  point  which  electrical  writora  usually  fail  to  cloar  up, 
becauee  they  doal  only  with  tho  actual  measure  iteolf,  and  base 
upon  it  arbitrary  unite,  as,  for  instance,  Jaoobi'H  unit  orcutront, 
that  which  in  ono  minute  gonoratcBono  cubic  centimetre  of  mixed 
gHses  (it  o"  C.  and  7C0  mm.  barometer,  or  a  cubic  inch  ef  gasoe. 

But  what  we  roaily  want  is  to  know  what  meamrc.  of  gas 
currcBponds  to  such  a  doBnito  weight  ss  fiimiHhes  tho  unit  or 
"chemio"  current;  to  valito  the  indicationsof  the  voltameter  as 
thoBO  of  galvanometers  arc  valuod.  By  the  system  of  weights 
the  current  ie  measured  by  the  number  of  equivnlenls  of  uny 
snbstauce  acteil  on,  ascertained  by  dividing  the  t^itnl  weight  by 
I  tho  known  equivalent  weight.     Now,  the  Bj-stom  of  measure  is 

■  Htill  more  simple,  for  any  atom  of  a  simple  substjiuce,  or  still 
more  inclusive,  every  molecule  of  any  substance,  simple  or 
compound  (with  a  few  exceptions'),  occujiies  in  tho  t^aset'iis 
state  tho  samo  volume,  no  matlerwhat  its  weight  in.  ^Vhat  wo 
want  IB  the  relution  between  the  equivalent  weight  and  this  molo- 
oular  volume. 

In  water,  11,0,  there  arc  throe  atoms,  all  of  equal  volume  ; 
but  aa  to  weight,  hydrogen  being  uniiy  counta  1,  and  oxygen  Ijy 
its  atomio  weight  16,  makes  the  molecule  of  water  18,  whicn 
answors  to  two  ebiotrie  eqnivulcnta.  Once  we  know  then  iho 
measure  or  hulk  of  1  grain  of  hydrugcu,  we  know  tho  wuight 
^  ■'f  the  eamo  hulk  uf  every  other  gas  of  known  ooustitutiuu. 
B  'J'ho  beet  mode  of  measuring  gases  ts  by  tho  metiio  system 

^  reckoned  at  0"^'.  temiierttture(freewug)  and  760  mm.  barometer 
(one  atmosphere)  correcting  to  actual  tomperatuie  and  prcwsuro  ; 
but  OS  exact  accuracy  is  never  attainable  iu  this  jiartictilar  case, 
because  part  of  tho  [^ascs  is  absorbed,  it  is  near  enough  to  tako 
the  average  condition  at  Co'  Fahr.  and  JO  iu.  bar.,  at  which, 
according  to  Miller,  i  grain  of  hydrogen  occupies  46' 7^  cubio 
inches,  which  may  be  ooosidcred  the  unit  or  atomic  volume. 
Tlicrofore,  a  chomic  unit  of  quantity  or  current  will  givo-^ 
I  In  tho  Smeo  voltamotor,  46 '  7}  cubic  inches  of  hydrogen. 

I  In  tho  doublo  voltameter,  46-7}  cubic  inches  of  hydrogen 

i  in  one  tube,  and  3j' J7  of  oaygon  in  tho  other. 

I  In  tho  single  tube  voltameter,  70 '  i  inches  of  mixod  gascK. 

L  A  tube  of  glass,  such  as  tho  ordinary  Mohr's  atkalimeter,  can 

^L  cnitily  bo  graduated  to  measure  this  off  direct:  46*7}  C.L  = 
^H  1 1797*4$  nuid  grains,  thereforo  a  tube  containing  ii7<^-d  grains 
^B  dividiid  decimally  would  coutain  one-tenth  of  a  unit,  and  require 
^H  &no  hour  to  till  by  a  chomic  current  from  a  Smce  voltameter, 
^M  Qua  oubio  inch  being  i6')87  cub.  centimetrcH,  a  coulomb 
^^     of  otectrtuity  or  an  ampL-ro    current    for  one  second  (eJiemio 
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X5'68-j- j6ooolroproBciiUcubicmch  '00717}, orthe  "ampira 
hour,"  cubic  inolieB  26*  J4  of  hydrogen. 

jS}.  The  ItMt  voltametrr  for  many  purposea  ia  two  plattw  of 
oopper  in  %  coppering  solution  ;  or  a  iJaniell  with  flat  plates,  ia 
place  of  a,  eopnntto  coll,  vill  BUp|)ly  inatond  of  absorbing  energy.  ' 
Tho  weight  of  coppor  dividoa  l^  J''7>  givoa  Ihe  number  of 
unita  of  electric  action,  ami  by  the  proportion  of  time  occupied 
to  tho  unit  time  of  t<io  boun  gives  tbo  cnrrotit  in  chemics.  In 
thia  way  the  value  of  ono  or  mora  defloclione  ofn  galvanometer 
can  be  ascertained  and  ita  graduation  offoctcd,  inaliiad  of  by  the 
formula)  given  S  J54- 

For  eiact  scivntitic  purpospK  ailvcr  is  ueod  inntcad  of  copper, 
in  a  solution  of  nitrnlo  of  silver  15  or  20  parte  in  loo;  and  tUo 
proposed  value  of  tbo  nuip^ro  in  a  dutioait  of  gramme  0-001  ii9 
of  silver  per  aocond,  which  miikps  tliu  nm)>crage,  or  coulomb, 
equivalent  to  ■ooooioj5)B  in  the  hydrogen  unit. 

J84.  Meawiibmbnt  ijv  Ukaic^u  t'fFKcrs. — Whenever  current 
paasoa  through  a  wire  it  mcutii  a  certain  rcHiMlanco,  in  over- 
coming which  o(jHiv«lcnt  cnergj-  ia  converted  into  heat,  and  the 
rtirront,  therefore,  i*  ca|iii1>lc  of  ni(.'iiBiircment  by  thin  hoat.  Aa 
an  illuiftratiun  4if  the  un-oncous  naturu  of  tho  older  idena,  mich 
ax  that  boat  !«  the  two  suppoaed  ek-otrieiliutt  united,  it  mn»t  bo 
nndtntiKKl  that  this  oonv«raiou  into  biutt  of   tbu  eucr^  of  a 

Slvaniu  current  dwji  not  iu  the  least  nilucu  the  "  quantity  "  of 
u  electricity;  tliat  ia  to  aay,  a  cuirent  ariaiiifi;  from  the  cou- 
oumplion  of  anu  unit  of  kiuc  will  dejKisit  exaclly  the  aamo 
quantity  of  oop|)or,  viz.  one  uiiil,  whether  it  i>atuica  dintclly  to 
tlio  (Hjp[H<riug  cell,  or  whether  a  long  fine  wire,  iu  which  heat  ia 
devel.iped,  ia  alao  intei  poBod  in  the  circuit ;  the  only  ditfeivnce 
will  be  (hat  it  will  take  longer  about  it. 

j8;.  Experiment,  hai>.  however,  nettled  that— (i)  In  a  wire  of 
givuii  rcei&tiiuce  (igiu>iiiig  the  viirintton  produced  by  the  heat  | 
itaclf  in  Iho  wire),  wiual  correnta    alwnyn  generate  tho  aamo 
amount  of  heat,     (i)  WithdifferentcurrentM  tho  amount  of  heat  , 
vario«,  rot  in  tho  rulio  of  tho  curretitit  themavlvtui,  but  in  tbo  | 
ratio  of  the  Kinmria  of  tho  eurrento;  tbua,  if  a  curnmt  of  one 
unit  pr<.Htuc«ti  in  a  given  wire  ono  heat  unit,  tbut  ia,  niiRicient  to 
raise  one  puuml  of  water  one  doscroe  in  temporaluru  in  a  mionte 
— thuii  a  current  of  two  utiJUt  will  produce  id  the  wire  four  audi 
anita  of  heat. 

Thia  ia  cxprcaseil  miithumatioally  11  =  C'BI ;  to  give  tho  heat 
dcvelo]Kid  iu  a  given  time  any  fixed  valuo,  a  oobatunt  which  ia 
tbo  heat  cquivalunt  of  tli<!  current  in  a  unit  reaintniitw  for  a  unit 
time  (auch  as  ono  eoctuid)  muat  be  employed  with  tho  formula ; 
for  which  eeo  S  416- 
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In  heating  wires,  it  is  to  l)o  rememlwred :  f  i)  the  same 
current  will  heat  an  incli  or  a  mile  of  Iho  same  wire  ;  the  Untflh 
heikted  in  any  given  conditiuiis  is  purely  a  question  of  reeiBtanoe, 
and  the  force  employed  to  imaa  tliuouriettt;  (l)  to  beat,  equally, 
thicker  wires,  thu  current  uust  be  increaeed  aa  the  weight  of 
wire  pur  foot  incrtiasca. 

The  urraugcnieiit  of  IwlterieB  to  produce  these  two  efieots  is 
Qumher  in  series  for  thu  first,  hirge  culU  tor  the  second ;  ntid  tht> 
resistimcee  and  electromotive  forces  must  hettrriinged  so  as  to 
produce  the  reiiuired  current. 

jS£.  Oalouimkters. — These  little-used  instnimenta  are  thenuu- 
metere  coiitainiug  a  platinum  wire,  through  wbioh  the  ourrent 
passes.  Thero  are  twu  kinds  ;  (i)  an  air  thermometer— a  bulb 
with  A  fiue  graduated  stum  containing  liquid;  the  platinum 
wire  croBics  tbo  bulb  ;  (2)  a  vessel  coiitaiiiiug  a  known  weight 
of  a  non-conducting  liquid,  such  us  water  or  aleoiiol,  tbo 
wiro  pftsscB  through  this  and  u  thermometer  ehows  the  teni[iera- 
turo  generated,  whiuh,  with  the  specific  beat  of  the  liquid, 
gives  the  aotnal  beat,  expressed  aa  a  quantity.  Thus,  if  a  pound 
of  water  is  used,  each  degree  represents  a  unit  of  heat,  and  if 
the  resistanco  of  the  wire  is  i  ohm  the  caloulstions  are  very 
siinple. 

387.  IIeatiko  Ekkbot  dpoh  Wires. — The  fonunU  in  S  385 
fiXpreeses  the  heat  as  quantity  of  energy;  but  another  considoi- 
ation  is  the  temperature  to  which  that  heat  can  raise  a  particular 
wire.  This  depends  upon  the  weight  of  metal  in  tho  wirf,  and 
the  relation  of  the  metal  itself  to  heat,  i.e.  its  sjiecilic  heat.     A 

E;cneral  foruiula  may  be  given,  not  reckoning,  however,  the  fa«at 
ostby  radiation  and  conduction. 

C   =  Current  in  ampi-i'cs. 
It    =  Kesistiince  of  wire  in  (>hnis. 

W  =  W  eight  of  wiri!  in  grammes,  see  S  589  for  graimt. 
*   =  SjieciGo  heut  of  nietnl. 

n  =  ItifiO  of  temperature  per  eecond  in  degrees  Ccntigrado. 
■  1^06^  =  Calories  equivalent  to  ampere-second  s,  see  S  426. 

Then  H  =  'J^H^ll^  -  for^C^R_  ^  ^       P^l.^_ 

IW.  ».         copper,  W  in  giaitjs  ** 

Verj-  full  information  will  be  found  in  Mr.  W.  II,  Freeoe's  pai>era 
to  the  ltoyi.1  Society,  Dec.  22.  1887,  and  April  19,  i888.  The 
Utter  is  in  the  •  Kteetricion',  vol,  xx,  p.  718. 
j66.  The  t^cific  hrnt  of  ractnls  increases  as  they  approach  the 
point  of  fusiou;  therefore,  platinum  varies  less  than  other 
m«t*]s. 
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Tho  following  are  tho  avemgo  lH3tm!«ii  o"  and  joo"  C 

Spccifii  licit.         McIliDg  point.    Sptcilic  gmvily. 

Copper    ..  ..  -101 J  1091  6'9 

Iron         ..  ,.  -laiS  1805  4  7-6 

Silver       .,  ..  -oSii  lOij  ^  10  5 

Plittinum  ..  '0)55  3100  t  ii'i 

Zinc        ..  ,.  "loij  41a  u  6"9 

hG*d        ..  ..  '0)i4  630  ^  11-4 

Graphite  ..  -aoiB  ?  ^  i"(S 

The  tptcijie  hfat  o/^  altoi/i  in  tho  mean  of  tbat  of  tlieir  <!omno> 
nenta,  and  ia  aecorlaincd  bv  multiplying  each  hpocifto  heat  by 
tho  peTc«iitago  of  tho  ra«tal,  and  dividing  the  sum  of  the  wholu 
by  100.  This  oiily  hoUlK  good  at  a  distance  fixim  tho  melting 
rointa,  which  are  ttsnally  not  Ibc  mean  of  tho  constituenta. 
Dut  lower  ;  and  it  i«  doubtful  if  it  applies  to  thoeo  alloys  which 
like  Gennaa  Bilrer,  differ  in  Tosistauco  greatly  from  that  of  tho 
means. 

j8o.  The  offbcts  may  be  compared  upon  theBystem  of  EncUiih 
WDi^ht«and  iiDitJi  tisod  in  thcno  pogcs,  by  taking,  as  tho  heat 
equivalent,  tlia  grain  tnatead  of  tho  ponnd  of  water.  Then  tho 
worth  of  the  uinpfiro  current  ia  6'68j5  «iich  griiindegi'ocMFalir., 
and  that  of  the  olicmio  ^^^  -68)*=  '20723  pii  eooond,  whioh 
figures  may  1)0  uHed  in  tho  nbovo  formula  tu  replace  '  1^055, 
tho  weight  Ifeing  expressed  in  grains,  instead  of  graijiiiii-a. 

Tho  length  in  feet  of  11  wire  WPighing  1  grain  per  foot,  which 
giv«;H  I  iihm.  resiitUuice.  is  of  courtie  the  weight  in  graiiiH,  and  is 
for  coppor  4'645  and  for  platinum  -2818,  and  in  tlnw!  diifi-rent 
lengths  or  weighta  eqnal  aflual  htal  h  pniduct'd ;  but  it  will  bo 
fonnd,  when  the  spociili;  heat  in  taken  into  aucouut,  that  very 
different  Umperaluret  result. 

If  wo  multiply  tho  nnit  b«it  of  oitmnt  €'£8;;  by  the 
rociprocnl  of  the  s^cific  hoat  (that  is  i  -^  specific  heat),  wo  get 
tho  niimhtT  of  grnmB  of  tho  motid  tlint  unit  hoat  would  raise  i" 
Fahr..  and  dividing  this  by  the  length  of  tho  grain -foot-ohm. 
unit  wire,  wo  get  the  actual  rise  of  tempi; rat ni'e  pnjduood  in 
that  wire  for  an  ampvre  current  as  14'  5*  fur  coppor  ami  7^0*^  for 
platinum;  that  in,  a  eurroiit  which  would  only  warm  a  gram-foot 
ooppor  wire  slightly  would  raise  a  similar  phitinnm  wire  to  a 
red  beat. 

)90.  In  an  experiment  with  such  a  platinum  wire,  I  obtaisod 
tho  ciirions  result  that  tho  toss  and  gam  so  balanced  oaoh  other 
that  tho  tonipirature maintained  by  the  current  closely  oonM- 
pondcd  with  th«  caleiilatod  rise:  but  of  conrto,  this  coincidoDOO 
waa  accidental,  and  only  hoKU  for  very  fine  wireii. 
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The  last  liuo  of  the  oiporimouts  illustratea  the  fact  that  tho    1 
breaking  of  a  wire  by  tho  galvanic  current  is  not  duo  to  ptiro 
fusion,  but  occirs  at  a  lower  tomporature.     Tlie  effect  is  partly 
aiinlcftoUB  to  the  deatniotivo  effectjt  of  lightning,     Tho  fm^iuj; 
iHiint  is  Unit  fll  which  the  ribraUiry  moleciilnr  motion  of  heat, 
§  J9,  jimt  ovL-i'(!uiiica  the  uttruction  of  cohesion  ;  but,  if  electric 
tranHmiHsiuu  involvett  a  tnotioti  or  rovolutlDnol'  the  niolucutca,  it 
iH  ubviiiUH  that  this  elTccl  must  be  uJdeit  to  that  of  boat,  tuid    | 
doatroy  the  ciihi»ioii  at  u  lower  leiiipcratiire.                                             | 

;9I.  CoULOMB-HEiKKS.— This  is    a    new    cbtNS    of   measuring 
iuHtruinuiit,  called  intocxisteticeby  tho  distribution  ofDleclrieity 
from  cvntral  aoiirci-'S,     'J'hoy  ri.-gister  tho  quantity  of  electricity 
lioaved  lUrou;;b  a  circuit  iu  a  given  time,  acting  in  fact  Uku  tho 
gft^meter.     I'hey  are  cither  chemioul  or  mechautcal. 

The  first  electiical  motor  proposed  was  of  the  chemical  order, 

ftuddoacribod  in  my  own  patent  of  22nd  November.  187S,  though 

devised  several  years  before,  aa  a  check  upon  the  coiitiiiniptioa  of 

silver  in  electro- plating.    It  was  bused  upon  the  deiKmit  of  metal, 

BUchas  copper  in  sulphate  of  copper,  aud  I  said,  "I  use  two 

plates  of  the  metal,  and  cause  each  to  beooiuo  alternately  tho 

&nodo  whcu  tho  other  plate  has  lost  so  much  weight  aa  leprcaeDta 

tho  unit  of  current  employed,  under  well  understood  laws ;  and 

H       I  causo  this  change  of  direction  in  the  current  to  be  effected  by     1 

H     the  wcizht  of  metal  passed  from  one  plate  to  the  other."     I     ' 

V      dcncrilieil  the  plates  ns  "supported  by  spiral  springs,  or  in  any 

H       equivalent  manner  wbiuh  will  permit  tJiem  to  descend  aud  riso 

■        auofirding  to  their  rolativo  weights,"     I  showed  electro- magnett 

f        with  a  rucking  armature  between  them,  drawn  over  to  cither 

'        side,  acuordiug  to  which  magnet    was  in  aotioo,  and  tUeM 
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magnctEi  net  in  aotion  wbaa  tho  dMOont  Qf  ono  of  the  pUtus 
o1o8C<I  a  coiitoot  flxwl  at  the  nroper  point,  uml  itaic),  "  thenu 
piiiiita  &»<!  tlio  aniiiiture  thureioru  wmntitiitt:  a  revertimj  comma- 
talor,  kiid  »t)i<'T  mudea  of  elTeotiii^  tliu  [lurimiiu  may  )iu  wteA : " 
tlien  "  the  uiotiuu  of  the  Annaturu  in  ctiuvoA  to  move  n  ntohet 
wbttsl  oiii>  tuoili,  and  by  this  lueana  tu  ruourd,  in  well-umleratond 
mnniior,  Uio  immbor  of  revoraala  of  currout,  each  of  which 
ro]irtiii6tita  a  dofiuite  quantity  of  t-lectrictty  piMwiiig."  I  deaoribod 
tho  uao  of  ahuiite  to  aend  a  doflnite  part  of  tho  current  into  the 
cell,  and  aaid.  "  tho  oaaential  point  of  thia  part  of  my  inventioR 
ia  tho  production  of  motion  in  a  aet  of  whcola  by  tho  agoncy  of 
plates  of  metal  allci'oatt'ly  diaaolrod  and  depoaitod  on." 

In  later  improvomcnla,  I  employed  tho  simplo  hydrostatio 
principlo,  naing  what  wajs  rca)Iy  a  hydromctor  (connected  to  tho 
drcuit,  with  ftrraDgemcnta  for  carrying  large  currontit,  nnd 
enabling  it  to  ring  alarms,  or  cut  tho  work  out  of  circuit  whoa 
complete. 

lf)2.  On  27th  Octohpr,  18S0,  Mr.  Kdiaon  patented  his  VcImt- 
inetor,  which  dim-rud  from  mine  only  by  using  plates  nt  tho 
enits  of  n  lialuTicu  unii,  iaHtuod  of  on  springM.  Tho  plan  of 
neiiHuruQicnt  hci  huH  omployeil  in  pnictieu  in  not  pr0[>6rly  & 
meter  at  all.  Ho  allowit  a  nmull  juirt  of  tho  ourroiit  to  jiaaa 
through  a  pair  of  zinc  ptnti>n  in  a  /.inc  Holutinn  and  th»  deposited 
plate  iR  taken  away  u:id  wvigbetl  at  intorvola,  and  the  curruut 
computed. 

)^}.  Bttt  the  chemical  prinoipk-,  though  adentifically  the 
moKt  tnixtwortliy  mttunure  of  curnmt,  hoa  various  practical 
iuooiiveuieneee  which  have  prevented  ita  adoption  in  practice, 
and  various  forma  have  boon  derised  which  dfi>und  ou  the 
mechanical  work  which  cau  be  done  by  magnetic  actions,  or 
by  tho  heat  generated  in  a  wire  by  the  current.  Others 
involve  clockwork,  and  integrate  current  and  timo.  As 
then!  are  aomc  neon's  of  pntcntol  iuetnimcnta  I  cannot  protend 
to  do  nmro  than  deneribo  the  principles  of  some  which  have 
lomo  KjKiciuI  chura<;t<!riitticfl. 

594,  ArunM  meter  is  tho  typo  of  one  cloM  of  motcra  : 
SIcwcM.  Ayrton  and  Perry  originated  tho  ^stcm,  which  is  tho 
alteration  of  mto  of  a  pendulum  by  tho  ioBuonoo  of  nn  elcctro- 
mngnot  or  coil,  energised  by  the  current  to  bo  moiwunid.  Two 
oxaetly  nirailar  pendulums,  connoctod  each  to  itn  troin  of  clock- 
work, aotnnt«  a  difli;nmtiul  gearing;  giving  it  no  motion  aa 
hing  as  thiiy  swing  together,  but  moving  it  forward  if  ono 
iiiovl-m  fiinlcr  than  tho  other.  In  tho  meter  for  altomating 
ouriVMts  ono  pendulum  is  a  fino  wiro  sotcnoid  forming  (with 
a  ri«iataucL*)  a  shunt  to  tho  circuit  (S  }0}},  this  mwui^  v'v'O&u^ 
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another  solenoid  carrying  the  working  current,  so  that,  when- 
ever a  otirr«ut  id  passing,  the  rat«  of  the  pendulnm  ia  increoaed 
hj"  the  pull  of  the  dolenoid  added  to  that  of  the  earth  which 
acts  ujion  tioth  poudulums,  these  being  adjusted  to  exact  eqnality 
when  current  is  not  passing,  in  the  usual  niaiuier,  by  a  scrow. 
The  reading  corresponds  to  the  energy,  but  needs  correction  liy 
a  co-efficient,  not  always  the  same  for  largely  differing  current*, 
and  which  has  to  bo  determined  for  each  instrument.  This 
meter  is  largely  used  in  Germany. 

Mesfn.  Otitlon  and  Edmtmdti/n  have  made  a  number  of  modifica- 
tions which  simplify  tho  iuBtrumont,  and  they  make  it  mad  ia 
Hoard  of  Trade  units. 

J9;.  Vhamherlain  and  Eoohham'g  may  be  taken  as  the  type  of 
anoUier  principle  in  which  an  electro-motor  eugine  measures 
the  current  by  the  number  of  rotntions  set  up  in  its  armature. 
The  retarding  action  in  this  meter  is  the  currents  produced  by 
magnetism  in  a  nopper  disc  :  in  other  meters  theso  currents  are 
used  to  generate  motion  ;  tbo  disc  carries  the  armature  wire  eo 
that  they  revolve  together  liotween  the  poles  of  a  magnet,  and 
tho  uus  drives  the  counting  mechanism;  mercury  coDtftcte 
tiomplete  tho  circuit  of  thu  armature  instead  of  brushes,  to 
dimmish  friction. 

Pro/titoT  Elihit  Thompitm  has  oonstructcd  n  meter  on  the  sanio 
priiiciples,  hut  different  in  arrangement  of  the  parts. 

39G.  FiTTaiUCK  meter  utiliRifB  the  rotation  which  is  producctl 
in  mercury  when  carrying  &  oiirreot  in  a  magnetic  field.  Tho 
magnet  is  a  eylindrioal  one,  made  of  sheet  ircju  niagnctiited  \'y 
the  current  to  he  measured  ;  this  is  carried  from  tho  centre  of  a 
trough  conlaiuing  mercury  to  iho  eircnm  fere  nee.  and  thenod 
through  the  coils  of  the  magnet;  thua  tho  mercury  lies  in 
the  magnetic  field  which  the  current  ctohsus  iiidially  at  all 
paits,  and  is  thereforo  compelled  tu  rotate  in  a  direction  de- 
pendent on  tbo  curi'ent,  and  therefore  iiidc]K<ndent  of  that 
airectiOD  with  an  alternating  current  which  changes  tho 
direction  of  the  field  and  cmrent  together;  a  light  tloat,  in 
tho  mercury,  is  caniod  round  with  it,  and  moves  an  axis 
driving  tho  register. 

hif'pman  devised  a  meter  in  which  the  propulsion  of  merciliy 
through  cnpillaiy  tubes  should  register  the  currents  passing  by 
a  ctrcnlntorv  action,  such  as  others  obtain  in  other  ways ;  tho 
mercury  is  lifted  out  of  onercserroir,  and  letorucdto  it  through 
a  measuring  ajiparatua 

J97.  Tavemiy't  meter  (which  some  have  attributed  to  Elihu 
Thomixion,  who  has  dono  sulEcieut  good  work  of  his  o-kti) 
consists  of  a  differential  air  thermometer,  composed  of  two 
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glabs  bulbs  julnod  by  »  beiit  tubo  contnining  morctiry;  «acb 
bulb  conluinit  a  coil  of  iriro  conoccted  nlUimatt'ly  to  the  circuit. 
The  air  in  cxpantlmg  drivos  tattnary  into  tho  otbcr  bulb.  And 
caoBoa  the  Appamtna  to  tilt  orei  on  an  axis  till  it  closes  « 
oircoit  rover«cr  which  sends  tho  ciUTGnt  to  the  other  biilb. 
Tho  eSbct  is  tho  satno  u  la  tny  instriinioiit  S  ^91,  being  duo 
to  the  heat  of  tho  current  instead  of  its  chemical  notion ;  it 
therefore  measures  energy  rather  than  ourTODt>  and  is  ttpplt- 
cablo  to  sltomating  currents. 

598.  Pro/extor  Forbci  has  devised  another  very  beautiful  meter 
dependent  on  heat  production  ;  n  circuit,  in  which  hcnt  is 
developed,  is  armiiged  l«low  a  »T»t«in  of  vanes  mounted  on 
an  axis  driving  tlie  recorder.  It  is  pnicticallv  a  windmill 
driven  by  tho  oouvcotion  current  of  air  produood  by  the  beat 
in  tho  wire^ 

39Q.  Mettrt,  Jclil  it  Rvffstho  described  a  meter  in  which  tbc  hcnt 
developed  in  a  wire  contained  in  a  tubo  sets  up  i>  rising  Rtrtain 
in  liquid  contained  in  a  closed  eystc^m  of  which  tho  tube  is  a 
part  :  a  wator-whuel,  driven  by  tho  current,  workx  tbo 
recorder. 

400.  Sehallenhtryet^t  motor  utilizes  tbo  principle  of  Tealn's 
altemuting  cniTont  motor:  an  iron  disc,  wtiuso  axis  drivea  tho 
rocurder,  in  niountud  within  a  flat  closed  ooil  of  fine  wire ;  this 
again  in  plnci^d  within  another  flat  ooil  of  thick  wire  oarryin;; 
thu  eurrunt  to  Im  mi3asured.  This  onrrcnt  does  two  thinga:  (i) 
it  niagnolixeit  tliu  iron  di«o ;  (i)  it  inducvs  a  current  in  the  nne 
wire  eoiU:  thii  two  cxnU  boxng  fixt^d  ut  an  angle  of  ^;%  the 
tuduoed  otiiTL-nt,  wbidh  "  litgn     a  ciuartor  period  behind  tho 

Sriiuury,  pulla  the  magnetized  diiw  round,     llie  effect  therefore 
epeiKk  Urgi'ly  npoa  those  aotiouii  iu  witcb  and  iron,  which 
correspond  to  inertia  ami  moinenlum  in  mechanios. 

401.  MttfTi.  Wrighl  tt  FtTrantt  b^kvti  utilized  one  of  the 
many  cunoua  reactions  of  alternating  curxi-'nts  and  magnets 
which  bavo  boon  observed  by  l*rofetaBor  Elihu  'i'ltonipsen.  many 
of  which  will  no  doubt  bo  tumod  to  practical  purposes.  A 
light  metnllio  cylinder  is  carried  by  tho  axis  of  the  rcciTdor, 
and  works  in  a  space  embraced  by  the  curved  polepieciM  of 
Isniinated  iron  attached  to  tho  laminated  eoics  of  11  vortical 
oloctro-ina^et.  These  pole-pieoee,  or  horns,  uro  "throttled," 
•sit  is  called,  by  bands  of  copper  surrounding  them  at  intorvuls, 
in  which  currents  are  induced  with  the  neoompnnying  lines 
of  foroo,  OS  tho  successive  magnetic  impulses  traverse  the 
iron,  when  an  alternating  current  is  sent  into  the  magnet. 
Tlio  lines  of  force  «et  up  ^dy  currents  in  tho  metal  cylinder, 
and  drive  it  round  by  tho  repellent  aolion  sot  up. 
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403.  Thu  eompoundiruj  prinnpte  of  shunt  dyuamos  hft«  Ixiun 
spplicd  to  niiiiiy  uf  the  iiislrumt-iits  descriliod.  Oiio  diffiuulty 
in  meters  ia  that  tliuro  in  the  iiiochunicul  friotiou  to  lio  ovoi-oomo, 
which  is  of  gruuteet  rolutivo  importance  at  the  very  timt^  that 
thii  actual  work  to  bo  uieasurvd  is  smallost :  u»  a  consoqut-'ncti, 
the  meter  will  not  Btart  with  a  verj-  email  current,  and  iiroduo-* 
an  error  of  an  inugular  value.  This  U  oreroome  by  a  cloa&d 
oirouit  wire,  doing  no  actual  work,  hut  using  only  a  very  ^mall 
current,  tbo  rosistauwi  bt-ing  mo  adjualwi  that  it  shall  only  just 
tend  to  aturt  tUo  motion  undt-r  the  ordinary  E  M  P  of  the  circuit. 
This  small  current,  in  faot,  deals  purely  with  the  initial  me- 
chanical rv-Bislanoe  to  motion,  and  aixa  it  hy  producing  a  weak 
ma^etio  field  independent  of  that  produced  by  the  working 
current  whioh  is  to  bo  measured. 

40J.  pBiNCirLKs  OF  MEiawBEMKNT. — Moasuromeut  really  me«nii 
asctrtdining  how  many  times  a  fixed  unit  is  contained  in 
the  thing  to  be  measured.  Originally,  no  doubt,  some  familiar 
object  was  taken  as  the  unit,  uuch  as  the  average  harley-com 
or  some  recognised  "  atone."  and  these  arbitrary  weights,  ice, 
naturally  gn^w  up  U>  larger  onoe  hy  tho  proctas  of  doiibli&i*, 
gencratine  the  prc-sont  syslcm  of  weights  and  mciiBiirc*,  The 
Bnrden  ot  the  calculations  those  inflict  upon  comnierno  miiat 
ultimately  induce  even  "  practical  "  England  to  get  ri<l  of  thorn, 
08  the  more  generaliiiof;  French  mind  Ims  long  »go. 

Exactly  the  same  process  lina  been  folbwoa  in  nciontifio 
iDattera;  l>eforo  the  whole  aspect  of  science  had  hnrst  npoa 
the  mind  of  man,  tho  more  salient  phenomena  of  each  branch  of 
knowledge  were  first  (ibserved ;  snbseipient  observations  wero 
roforred  to  and  compared  with  these,  and  thus  grew  up  a  set  of 
morely  "  practical  "  systems  of  measurement  based  upon  isolatud 
facta,  and  even  worse,  expressed  in  the  confusing  syEtem  of 
common  weights  und  measures.  Hence,  in  electricity  wo  havo 
such  measures  of  action  as  that  referred  to  in  §  382,  and  many 
aitnilar  ones,  all  based  on  isolated  facta.  As  electricity  ussum.ed 
tho  state  of  nn  exact  science,  and  was  brought  into  suhiection 
to  niathematios,  tlie  evils  uf  this  system  became  so  intolerablo 
that  un  efifort  was  made  to  ri^mody  thu  nuisuiice,  and  an  organised 
aystem  of  electrical  measurement  was  devised  by  a  comuutteo 

I  of  the  British  Association,  wluuh  after  some  mudificutions  by 
RcientiGo  congresoes  at  I'nris  has  found  general  acceptance  m 
tliu  in  tenia  tioiial  system  of  electric  lueaaurcmout. 
404.  Unfortunately  this  system,  perfect  as  it  is  in  itself, 
rdtiuuM  the  original  defect  of  heiu^  based  upon  a  merely  arbi- 
trary and  accidental  unit,  the  metre,  nominally  a  fraction  of 
the  circumferenoo  of  tlio  earth,  instead  of  eechiug  a  truly 
J 
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■uiciitilic  nUrting-poiut.  Thia  evil,  whidi  very  few  woplo 
ev«n  yot  oomprohond,  is  imalogous  to  tho  crroni  of  tao  old 
WtroDOmy :  it  looked  nt  Uin  nnivcnio  from  the  earth,  and  tiied 
to  bring  lill  tho  ohacrrod  motiniii  into  »  nyetom  BiiboniiniLte  to 
the  eu-lh ;  Iil-hls)  inuxtrionblo  confiiision.  As  booh  as  man 
ai]u]>t«il  iintni'o'H  ci>iitr»  iitii]  liKikt<d  nt  tho  iiniroreo  from  tho 
8UI1,  all  ciinfuRion  diniipgipnn^d,  and  [irrfuct  harmony  and  sim- 
plicity were  at  uncu  )ireH(.-iitud  lo  tho  oliiurrTor.  KxACtly  bo  with 
every  other  eciciico.  ^Vhon  we  wntit  t«  weigh  and  inoosiiro 
nature,  her  forces  and  works,  wu  ought  to  tiiku  for  our  units 
meaturct  which  niilure  her*rl/  ii*e».  Of  all  Uio  Bnii-noee,  howovor, 
ohemiAtry  nlimt^  does  thin,  uud  in  CDiiBe<]ticnce  hiui  made  the 
lUOHt  rajiid  progreeB,  sitico  tliia  [ihiii,  otherwise  known  ao  the 
fttiiiuio  theory,  hne  huen  employed;  for  what  in  tlio  utoiniu 
theory  but  the  Bulietitiitiun  for  tlie  incoinpreheiiKihlu  and  un- 
luoaniog  relations  of  pounds  weight  or  ]iint  meusureH  of  uintter, 
of  llib  idea  of  nalurc'i  uni'i,  (Ac  alotn  a/  mailer  wilhaul  rfferencn  tu 
weifjhl  or  tiir,  excejit  when  theBO  are  required  for  praetica!  pur- 
poses, and  then  aiicerUiitiing  the  weight  of  ouch  form  of  nm(.t«r 
which  naturw  hua  put  into  liw  unit  of  each  elouieMt?  More 
advanced  chemistry  has  found  that  ^aaeoua  volume,  rather  than 
weight,  fumiahe»  the  Ixjst  atartiii}'-[>oinl  for  tho  atotnic  aystom. 
Now  volume  and  weight  are  relatud  t<i  t«ch  other  in  the  metrio 
cyBtem,  but  af^iu  by  tho  purely  arbitrary  (though  practically 
GODVouieut)  iut«rmedi»i'y  of  tni(«r.*  hut  water  volume  has  iio 
r«latioM  to  tho  tutiinl  atomic  system,  while  the  volume  of 
gaseous  hydrogen  baa,  and  this  relation  would  have  furnished 
us,  after  some  trouble  in  defining  it,  with  a  perfect  syatem  of 
universal  mcnsurement. 

I'hat  brilliant  chemist  A.  Vi.  UoS^an  saw  tho  value  of  aucb 
a  rc)atio:i  in  ehemistry,  and  propoBcd  as  unit  the  crtlh,  ono  litro 
or  oubicj  deoimotru  nt  hydrogen  nt  o°  C,  and  760  mm.  prcMuro, 
weighing  '0B96  of  gmiumu.  Either  thitt  or  tho  cuhiu  metro 
89 '6  grammes,  would  furnish  a  true  natural  aturting-iioint  for  a 
general  system ;  as  pure  gases  donhlu  their  Volume  with  a  fixed 

anantity  of  heat,  thiit  quantity  would  Iw  the  heat  unit;  as  iu 
eubling  volume  the  weight  of  the  atiuunphere  is  lifted,  that 
weight  would  be  tho  work  unit ;  as  the  suuie  quantity  of  heat 
would  raiMc  tho  gna  to  a  certain  temperature,  if  it  was  prevented 
from  expanding,  it  would  give  u«  n  scale  of  tetu[)eraturu  fif 
dodred,  one  starting  from  absolulo  xuro) ;  and  thus  wo  should 
hnve  tile  natural  relation  of  heat  and  wurk  in  one  unit,  related 
aUo  to  the  euer^'  obiiorbed  lit  chemical  and  molecular  diaugctt. 
But  beautiful  aa  this  system  would  be,  it  is  now  unattainable, 
and  we  mutit  luako  the  U-st  of  the  system  at  our  diaY^vA.-,  S\ 
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•houM  liovrevor  be  underatood  cbat  it  is  this  fiindanieiitAl  defect 
of  the  ncceiited  nyatoiu  wUicU  has  oompellod  mo  to  ubo  my  owa 
or  tho  "ohomio"  unit  in  this  work  wherever  1  havo  dcoired  to 
tunko  the  nutural  relationa  of  electricity  in  toll  igi  bio.  I  have 
not  reUintid  that  naJC  fur  any  fanciful  reaeoD,  or  bocanso  it  is 
my  own,  liut  aimpiy  because  I  could  not  exchaugo  it  for  the 
amiK-re  without  wholly  destroying  tho  special  fcaturo  of  this 
book,  viz.  the  treaticg  electricity  as  a  natural  force  conncctod  to 
tbe  etfuivalent,  moldoaUr,  and  atomic  conatitution  of  matter, 
instead  of  a  purely  artificial  oSeprine  of  algobraic  ^mbols. 
The  same  remark  applies  to  my  uao  of  the  "  cquivolt " ;  it  is  not 
likely  that  either  will  be  roally  adopted  by  tho  eciootiJBc  world ; 
but  they  serve  a  purpose  tho  accepted  uuibf  do  not  fulfil,  and 
furniah'coDstauts  for  converting  t  heM  uoite  into  electrolytic  work, 
for  which  purpose  probably  it  will  yet  ba  found  necessary  to 
add  oorreai>onding  units,  on  tho  basis  of  the  gramme,  to  tho  B  A 
system. 

It  should,  however,  be  clearly  rocogniaod  that  the  accepted  sys- 
tem is  also  a  natural  one  in  tbisseusc,  that  it  is  based  upou  energy, 
wbilo  it  igiior(«  mutter  ami  its  constitution  ;  euergy  caa  be 
mensiired  by  uuy  nrbitrury  units  of  mass,  spnce,  and  time;  the 
misfurtunc  is  that  the  unit  of  mass  is  not  uii  atomic  unit,  atid 
cunaequently  the  derived  unit  of  ob-ctric  quantity  aud  ourrvnt 
is  not  Dorrelated  to  the  chemical  system  of  nature,  except  by  a 
fractional  figure,  the  ivuliimb  and  iimjicrc  electrolytic  value. 

40J,  TiiK  B,  A.  Svsi'EM.— This  may  be  studied  on  two  plaiui, 
the  theoretical  and  the  jiraetical;  tlic  latter  being  derived  from 
tbo  first.  It  is  of  great  importaucu  to  clenrly  undenlaud  both, 
and  their  roUtiims,  but  tbuy  cenHtitule  two  distinct  aystomti, 
and  many  people  can  clearly  understand  aud  employ  the  [irac- 
tical  system  who  find  the  tbeoretioal  one  wholly  beyond  their 
coniprehiinsiou.  I  shall  thcTefure  endeavour  to  so  prt^aent  tho 
subject  as  to  keep  the  two  systems  diaiinet,  while  eihibitiog 
their  rolatioiui.  The  inatbemalical  expression  of  tbe  phenomenii 
of  electricity,  known  as  Ohm's  law,  ia  now  universally  aocepted, 
and  thoroughly  satisfuotory  ;  it  is  entirely  independent  of  any 
theory  whatever  as  to  the  nature  of  electricity,  but  merely 
expresses  the  oouditionsof  the  observed  fact*;  and  to  do  this 
embodies  tbem  under  certain  heads.      The  fundamental  idea  is 

Itliat  a  forte,  be  it  what  it  may.  produces  the  obson'cd  cflVcta; 
this  force  is  concerned  in  all  operations  of  mechanics,  &c.,  and  ia 
electricity  ia  represented  by  "  attraction."  S  89.  Its  neoossary  first 
Moaequenco  is  a  pressuie  er  pull,  teneion,  S  90^  and  a  tendency  to 
aetim  called  "potential,"  S  91.  which  in  dynamio  electricity 
becomes  "electromotive-force,"  5  17a,  which  is  symbolizod  ia 
J 
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Ofam's  formnlM  by  E.  This  is  opposod  by  the  Torious  cir- 
cainiit»uc6S,  i»ol«cular  cooHtruction  of  tho  snbst&nc^  iiisuU- 
tioD,  A<^,  &U  of  whicb  nro  cnibodiod  in  tbc  general  torm 
"  R-niatanc*,"  Bymboliuod  by  R,  5  171,  which  agnin  simply 
(ix[iTi>*neB  a  fact,  but  no  theory  whiitovcr.  Tho  result  is  aotion 
mcoBurcd  by  tho  relation  of  thoso  two,  nnd  called  "  quantity," 
Q;  and  when  timo  is  Utlorn  into  consideration  it  becomes 
"  current,"  or  (junntity  in  a  girtn  tinwi,  symboliKcd  by  C.  This 
ia  often  called  "iiittncily  of  carront,"  and  s}*mboli3tcd  by  I: 
this  mongrel  term,  derived  from  tbo  translatow  of  tho  French 

f>hraso  "intcnsito  do  cuiiraut,"  Btn-tigth  or  amoiint  of  cnn'ent, 
ciada  to  gi'ent  eonfusion  of  ideas,  because  intensity  has  in  tho 
earlier  En^liEh  books  a  distinct  meaning  which  corresponds  to 
EMF,  and  naa  no  conneciinn  with  tho  current  or  quantity.  Tho 
object  of  tho  B.  A.  system  is  to  furnish  11  defined  unit  for  each 
of  thoce  matltematical  eiprcHKions,  so  that  all  the  actions  of 
electricity  may  bo  capable  of  i-xnct  definition  and  comparison 
with  mechanical  vrork. 

406.  Ansoi.uiii  Chits.^A  system  of  absolutu  units  is  ono 
which  docs  not  consist  of  arbitrary,  independent  nieaauros,  but 
is  liascd  upon  measures  which  are  common  to  all  kimls  of 
operations ;  upon  the  fundamental  elemcnta,  time,  leuf^lh,  mass, 
&c.,  whidi  enter  into  all  physical  oporaliona.  Any  units 
might  \m>  used,  such  as  the  foot,  pound,  second,  and  for  many 

imrposes  these  are  very  convenient  and  have  to  be  used :  but 
or  systematic  puT]ioaos  the  necessity  of  the  case  limits  us  to 
some  form  of  the  "  metric "  system,  which  must  inevitably 
nipersode  Lu  time  oU  otJior  systems  of  measurement,  even 
tliough  these  latter  may  be  proved  to  bavo  points  of  superiority. 

407.  FuxnAMKSTAL  Uki«. — Dofore  entering  on  the  electric 
measures,  it  is  n^-CL-Hsury  to  undorxt«nd  tho  gnncrni  system  of 
which  they  ar<t  a  branch.  Tho  fundamental  cYomcnts,  of  which 
unit  mcMures  arc  required,  arc  Length,  Timis  and  MasH ;  of  tho 
first,  two  unita  ore  employed,  the  metro  and  the  ccntiniutro. 
The  first  has  many  advonU^eit,  but  the  sueond  is  boing  furood 
into  nm  by  the  matbematiciaus,  on  the  ^runnd  that  the  eubio 
centimetre  of  water  furnishes  the  unit  weight,  the  j-Tamuie.  As 
it  has  been  full^  developed,  and  its  units  have  received  definite 
munea,  the  centimetre  system  will  be  uaL>d  hero.  None  the  loss 
it  Is  a  seriooa  iDoouveuieuce  to  nnictical  aoientifio  men  that  tho 
metre  has  not  been  adopted  as  tlie  unit,  of  length.  English  men 
of  ncieuoe  bavfl  groduallj  aooustomed  themselves  to  ue  mctrto 
meaaurea  and  the  Tarions  ouita  based  upon  tliem,  and  students 
bo^iu  to  understand  what  is  meant  by  a  grammo-mvtro  a«  tho 
unit  of  work,  and  the  calory  as  the  unit  of  heat,  and  nuw  ^Wj 
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aro  being  puzsleil  nfrcsh  by  a  now  system. 
nniU  aro : — 


Tho  fundamcDtal 


h.  Length 
M,  Man 
T.  Timo 


I  C'cn  ti  metro  i 
I  Grammo; 
I  Socond; 


from  which  it  is  called  the  c(Mitimetre-grainme*soccmd,  or  C.O.S. 
ByHtotn. 

408.  Deeivkd  Units;.— I'lom  tht«o  aro  d(>rived  tho  general 
luechanisal  utiita  :  of  motion,  which  is  length  tiavomed  in  tinit 
timo;  velocity,  which  is  motion  in  unit  time;  momentum,  which 
is  mass  having  unit  velocity;  force,  ivhicb  ia  a  geooral  ex- 
prcBsion  fcir  any  cause  which  geueratee  velocity,  but  for 
Hystomatic  purposes  is  defined  ait  the  cause  of  "momentnin"; 
and  work,  which  is  tho  cnor)^  due  to  the  action  of  the  force. 

MoQce  wo  have  the  foUowiiig  unite  :— 


V, 

r. 


Velocity 
ForoD 


LxM-i-T' 


Kuur. 


Vnll  taIw. 

T  oontimetru  per  Bccond 

ditto  in  I  gnimine        ..    Dyne. 

W.  J  Wor^l  L"  X  M-i-T'  ..    I  dyne  in  i  ccntiiiictro  „   Krg. 


Wo  SCO  hero  the  eonnoction  nnd  tho  ilietinction  bptwcen  Force 
and  Energy,  Foree  is  mensurnd  by  the  velocity  it  Bi'ts  up,  the 
inom«Htitm  goncrntcd.  therefore  by  length,  L ;  tncri/i/  in  meoetired 
by  the  tquare  of  thr  vdoHly,  the  vis  vnn,  tlmn-foro  by  L'.  IJut 
while  anil  force  aud  unit  energy  are  the  same  valuo  (onn  cnttse, 
the  other  cSoct,  each  crjual  to  each),  fgrce  and  momentnm 
incrpaao  in  tho  ratio  of  velueity  or  L,  while  energy  or  vis  Yivfr 
incruafo  in  tho  ratio  of  the  square  of  vcUxiti/  or  L',  which  ineoDB 
tho  aritbmetioal  product,  uot  the  square,  iu  the  sense  of 
"  area." 

409.  Gravitation. — Touuderstaod  these  valuen  itwill  bo  well 
to  uoinpure  them  with  the  familiar  terms  baaed  on  gravity ;  for 
gravitation  is  the  only  absolute  natural  force,  and  as  it  iu  uuuistant 
in  ilA  operation,  it  genentea  not  only  a  "velocity,"  but  also 
"  aooeloratJon,"  that  is  to  aay,  the  moving  body,  retaining  at 
each  instant  it«  acquired  velocity,  adds  to  this  the  growing 
velocity  due  to  the  force;  but  in  dealing  with  the  energy 
involved,  the  actual  velocity  at  a  given  instant  only  is  con- 
Hidered  ;  regarded  an  a  force  iu  the  abstract,  gravity,  g  imparts 
a  velocity  of  ji-afoot,  orgSl  centimetres  per  second.  Regarded 
aa  a  unit  force,  it  generates  this  velocity  iu  a  mn^s  of  onu 
gramme.    This  is  however,  correct,  only  near  London,  for  foroo  ~^ 
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nf  grnvifAtioD  (npcm  tho  oarth)  varies  aocordin);  to  the  diatanoe 
fri>iii  tlio  contro  of  tha  "  mass '  of  tho  earth ;  at  the  equator  it  ia 
978*10,  Kt  Istitnde  43'  it  is  980-61,  at  the  poles  g8)'il,  thoMO 
beiDg  v«looitioe  in  con ti metres.  Taking  tho  value  in  BugUud 
an  9S1,  tho  forco  of  gravity  equals  981  djiies,  or  C.O.S.  uuita  of 
fiirce.  Tho  actual  force  of  gravity  at  any  part  of  the  earth  ia 
aaccrtainotl  by  the  following  formiila :  y  s  078  ■  loaS  x  cosine 
a^  —  ■oocoojft,  in  which  A  denotes  tho  latitude  and  &  the  height 
in  ccDtiniotrc4s  of  iho  pUco  abo%'o  sua-lovol. 

410.  Tho  erg  may,  thetxtforo,  be  coniparod  with  tho  cemmoa 
mochaoic^l  unit  of  work,  tho  foot-poUTnl,  because  the  ft.-lb,  is 
tbummo thing  as  ijfl'Ji  gram rnc- mot ry«,  or  oxpreseod  in  U.O.S. 
wystom  MN  i}Sa>  oentigninime-motres;  then,  if  wo  take  gravity 
ffaH  equal  til  '■_/8i  dyne*  in  this  syBttm,  wo  fitid  that  tho  ordinary 
rt.-l|j,  is  equal  to  iJiS^iJl)  vrga.  Much  a  figure  shows  at  once 
tlmt  thin  Bysrom  is  really  adiipteil  only  t<»  minute  measurements. 
To  got  rid  iiF  tho  numi-roim  tiguii,'s  involved,  a  simple  svstem  of 
wriling  i*  adopted,  and  thu  above  figures  wouM  W  written  as 
I '  ;56  y  10'  or  );5£x  10*,  and  mont,  nf  thii eiileiiliition:!  involved 
ai"o  ihuB  luduooil  to  the  alti^ratiun  of  thu  imk-x  figurL-it,  ri'Huliing 
in  liiui  (il'accuTai-y,  )H-*cuiise  uuly  round  uiiuibons  urn  ui»c«1,  and 
fractional  thrnwit  cult. 

411.  Thix  nyotcm  is  1>c<:»uiiiig  bo  eummon  In  electrical  and 
•oieutiGo  workn,  that  ilmiiy  Im  wuU  to  oxplatn  iL  Tho  indoiE, 
as  in  loKaritlnus,  may  he  poailivi',  niguifyiug  thu  "' power"— 
that  ia,  the  ntimlHir  uf  tuns  by  which  the  liguru  in  to  be  inuU 
tiplied,  or  ne^atioe,  signifying  tho  ouuibur  of  tens  by  which  it  is 
to  bo  divided ;  thus  tho  negative  iudex  written  with  a  dash 
nprt^eentci  a  dtcimal /raelion,  uud  we  have — 

I  X  lO*    =  1,000,000,  a  million 
I  X  lo'    =  1,000  u  tJiouitand 

t  X  10'    =  icx>  a  hundred 

I  X  10-'  =  '01  a  hiiudriidlh 

I  X  to-*  =  'OCMiOOt    a  luilliuutb. 

In  fad,  tho  positive  index,  m  in  logarithuiH.  is  one  less  than  the 
figures  representing  tho  number  ;  Imt  the  nftgutive  iudex,  unlike 
the  logarithmic,  is  tlio  number  of  figuroH  representing  th« 
decimal  when  written  out. 

412.  In  naming  these  values,  wo  aru  burdened  wilhabarWroua 
noiuonclatnre  ;  thus,  a  million  ergs  in  culled  a  megerg  or  an  erg- 
nix,  and  feo  on,  adding  tho  index  number  to  the  name  of  the  unit. 
Further,  in  electricity,  wo  have  the  (irvfixeA  mega,  aignifying  a 
nillioD,  u  tho  mega-volt  or  nteg-ohni ;  and  mit-ro  i)iguifju\<^  % 
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millionth,  br  tbe  micro-fara3,  t>eaidc«  the  ordioary  pr«fisc«  of  | 
tliu  motric  syBltiiu  of  meaBurt's. 

41J.  EuKTiucAi.  Units — lu  all  meiuiurcineitta  weuefidawpa^ 
ratu  star  I  iug- point  or"unit"  for  t-aeli  oidor  of  tliiogR,  tliougb  theao 
uuitti  niaylKi  derivable  from  tho  few  fundaiuctital  noit« — thti«, 
from  tlie  unit  U-nf/th,  i  cc'iitiiti<.'tr&  (ur  metre  or  Ji-ct,  u»  juay  lie), 
vre  derive  iiuit  area,  tho  aijuare  oentJuietre,  Ac,  am)  fi\>iii  thia 
aguiu,  unit  volume,  tlic  cubic  oentimetre,  ice.  In  liko  niitiiiior, 
eaub  se[)aratee(moei)itotiororderofriictjinek'olricity  reqnirMA. 
unit  of  its  own,  and  tbe  ByBtomis  similar  to  tbat  of  tlie  meoltani- 
cal  units.  Here,  alao,  we  start  from  a  "force"  gt-ueraling  n 
velocity.  We  can  now  replace  tbo  attraction  of  gravitation  by 
two  distiuct  attractions  of  electricity.  We  iiave  the  foroo 
exerted  by  an  electric  "  charge,"  S  89.  from  which  is  derived  an 
electrostatic  By  stem  of  units ;  and  we  have  tbe  attractions  cxt-rled 
Ly  an  electric  "ourreat"  upon  a  magnetic  polo,  or  upon  another 
current;  this  furuishce  the  oLcctro-magnetic  system  of  unit*. 
The  static  system  has  been  examined,  S  87,  and  does  not  call  fur 
tnuoh  attention.  The  unit  of  tho  magnetic  system  is  based  on 
tho  MBit  inagnotio  polo,  wliioh  is  ono  wliiohrcpolen  similar  pole, 
one  cciitinn?iro  distant,  with  a  fon*  of  ono  dyne,  S  15a  Tho 
unit  electric  nirrent  in  thnt  whirh,  in  an  arc  of  one  ccnrimotre 
length  of  a  circle  of  oni;  i-mtimetre  radius,  will  repel  a  iinil  pole 
at  its  cuntrc  with  a  fortt>  <ir  one  dyne.  The  unit  current  would 
bIbo,  in  a  length  of  imo  cinlimetrc,  repel  a  similnr  current  nt  a 
distance  of  ono  ccntimelru  with  a  force  of  one  dyne;  that  la  to 
Bay.  such  a  length  forming  an  arc  of  a  circle  of  i  centimetre 
Tsdins  would  produce  a  unit  field  of  force,  S  149,  at  its  centrOi 
and  more  gcneially  a  current  C  in  a  circular  arc  produces  a  fiold 
oq[ual  to  C  X  length  of  aro  4-  fiiiuare  of  radius,  from  which  are 
derived  the  formula  S  JS*)- 

The  eusiest  method  of  fonning  a  concrete  idea  of  these  fnrceB 
id  to  conceive  a  spring  balance  adjuaicd  to  carry  a  weight  of 
5^  of  a  gramme.  Any  force  which  strains  the  Epring  to  that 
point  ie  exerting  unit  force.  Thus,  if  a  magnet-polo,  one 
ccnlimetre  from  another  magnet-polo,  reijuired  the  epriug  to  bo 
stretched  to  thnt  point  to  resist  motion  (that  is,  to  maintain 
L  tho  centimetre  dlstimoe)  a  force  of  one  dyne  would  be  exerted  ; 

^^  or,  if  tho  balance  were  gradunled  to  Bui'ceiwive  increments  of 
^^K  that  value,  it  would  imlicale  tho  number  of  'dynes"  exerted 
^^^  by  any  force,  'i'he  utlimate  idea  of  force  is  premurc  or  tension, 
^^M  attraction  or  repulsion,  really  in  unit  degrees,  but  for  purposes 
^^H  of  calculation  expressed  in  relation  to  mass. 
^^m  414.  Tho  two  iiysteius  of  units  are  related  to  each  other  in  a 

^H     ratio  expressed  in  the  fonnulie  as  v.    'I'he  actual  value  is  uot 
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vxaotly  known  ;  liiit  it  ih  iiitorcHtinip  for  two  roaHone.  It  has 
been  €-x|teri  men  tally  iltit^raiiiivd  by  vovural  ommont  oloctlioiftlis 
by  ilifteruiit  prucvsiH.ii. 

W«I)or  and  Kolrauacli     . .  3io*74  X  lO'  c.m,  porsocond 

Sir  W.  Thomaou      ..      . .  381-5  ■•  •• 

„        auother  mode  39)'  „  „ 

Glftrk  Maxwell 333- 

Ayrton  &  Perry  ..  398" 

iTofessoi-  Rowtand  • .      . .  299 '5 

Profoasor  J.  J.  Thompson  199  "53 


A  vcraao 


395  "9  X  lo'c.tn. 


Sir  W.  Thomson's  Ut«atdtttormiiiation  is  stated  to  bo  within 
half  per  cent  of  joo,ooo  Icilomotres  jier  eecond.  These  varia- 
tions, though  not  large,  show  (like  tho  difltirent  values  fouud 
for  tiie  ohm)  that  while  mathi'iaaticiatie  work  oul  their  formulas 
to  the  extremcat  uicoty,  the  data  are  by  no  luoans  settled. 

Tho  other  i>oint  of  inlei-cHt  is  thjit  this  mtio,  whieh  is  rcnlly 
a  velocity,  is  apparently  identical  with  tho| volodty  of  light — 
tliu  various  determinations  of  which  mngo  over  much  tlio  same 
valuoH  UK  the  above.  Mtich  stress  it  laid  on  thii»  by  theadvocnt(« 
of  Clerk- Mux  well's  stiggestbn  of  tho  identity  of  nature  of  light, 
electricity,  and  magnetixm. 

415  DniKXSioit& — The  valnes  of  the  various  unit*  of  tli6 
aystum  aro  derived  from  considorntione  olixssud  under  tho  namv 
of  "dimeuBions";  dfirivftliona  in  fnct  from  tho  unit  length  L, 
mass  M,  and  time  T ;  which  dinn'nBions,  thenforo,  arc  alike 
applicable  tu  any  octuul  values  given  to  thoBQ  nuit*  in  any 
system. 

Elkctuio  TTsirs. 


Voli*. 

ElKiroiuUo 

QKirn-niitiinlo 

E.SteIK. 

E.  IfigDttlc. 

BcaiatlDM      ■■      .. 
QuMittt; 

Li  MJ  T-i 

I-->T 

1-1  Ml  T-* 
LJ  Ml  T-' 
L 

LI    MiT-' 

LT-t 

H  M}  T-' 
Ml  Li 
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L-.    T-- 

r.  T-I  =  „ 
L  T-»  =  P 
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strength  of  mngnutic  [ink'  m       s=  LJ       H  J  T"' 
Momont  of  a  magiiet  ml  =  L^        Ml  T"' 

Intcneity  of  a  muguelio  fii-M  II    =  l,~k     M  J  T"' 

416.  Tbc  nuits  thus  ascertained  rc])r(;iicivt  c»cli  its  ovrn 
idea,  tiling,  or  action,  as  sliuwu  hy  tho  diuiunisioiit)  wliiub  rcpi-o- 
twnt  tlicir  viilncB,  Lut  tlio  syHloin  la  au  related  timt  wo  may  actually 
trtMit  thom  lis  tltuugb  they  wt-ve  all  onu  alwoliitu  unit,  repreae&t- 
ing  all  fwrras  yf  fwrcu  and  energy,  oauBu,  agency,  and  effect :  wo 
may  multiply  uiul  divide  tlioiu  \>y  each  otlier  an  though  they 

■  wore  alwtract  numbers  merely,  instead  of  coucroto  Ihiiigs.  lu 
tiiu  first  ediliuii.  this  feature  of  the  a)  stem  was  so  mtioh  dwelt 
iiiioii,  tiiiit  some  readers  overlooked  tliu  fact  of  the  inhoi-ont 
difTcreiR'i's  among  the  units,  which  has  induced  me  to  poiut  it 
out  mere  particularly  now.  Thoarithmuticiil  unity  of  relation  is, 
tu  fuct,  the  great  advantage  of  the  nee  of  an  ahsohito  unit,  and 
it  results  from  tho  fundamental  principle  of  the  system — vis. 
that  a  unit  force,  acting  in  unit  time  ana  unit  mass,  will  produce 
a  unit  effect  or  opL-raiion,  and  I'Xpeud  i)r  proihic"'  unit  <:ni!rgy  in 

k  sonic  uf  ita  uianilestatiouH.  Therefore  tliu  ratios  or  ucttinl  vulnvfl 
of  the  units  thcuiHi^lvcsarc  tiii:d  by  this  nouuisity.  Starting  frvin 
any  two,  the  rest  follow  of  cuiirBu, 

This  relation,  in  fact,  iuvolvcti  that  unit  quantity  Q  must  pHss 
through  the  unit  conductor  (luisculled  rent s Inn ec),  R,  iu  unit 
time,  under  the  iuflueiioe  of  unit  E  M  K  or  K,  eonstitutiug  unit 
current  C ;  and  iu  doing  bo  must  expend  unit  energy  ui>oti  unit 
work,  and  be  capable  of  being  stored  iu  a  receiver  of  tiuit 
capacity,  and  of  exerting  unit  force  npou  a  unit  i>olo  or  current. 
Hence,  all  beiug  alike  represented  by  i,  aud  being  all  inter- 
related, there  follows  tho  fact  mentioned,  that  we  can  treat 
them  as  simple  numbers,  without  regard  to  their  actual  natures. 
4r7.  I'lULTiUAL  El&ttric  Dnits. — Tho  units  employed  by 
electricians  an'l  forming  the  B.  A.  system,  were  selected  so  that 

■  they  should  be  of  a  convenient  magnitude,  and  yet  bo  decimal 
multiples  of  the  absolute  units  of  the  metro  or  centimetre- 
gramnie-second  absoluto  system,  and  also  approximate  in  value 
to  units  alr^dy  in  use.  But  tho  means  of  measuromont  being 
^L  at  first  imperfect,  the  actual  values  of  the  units  of  resistanco 
^1  and  current  were  not  correctly  ascertained.  Then  a  congress  at 
^1  Pfttis  endeavoured  to  fix  new  values  before  accurate  knowledge 
^H  was  obtained,  and  witli  that  curious  tendency  of  llio  French 
^M  mind  towards  appureut  definitoness,  they  fixed  upon  a  value  for 
^B  tho  ohm,  even  then  known  to  bo  incorrect,  merely  beeauau  it 
^1      avoided  a  fraction  In  the  nominal  length  of  a  tube  of  lueronry 
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which  DO  one  over  inadi?,  or  probiihly  over  will  malco  in  reality. 
The  result  is  that  nt  this  inometit  nu  liumnu  being  knoir§  what 
a  "  volt  "  is.  though  oloctrioiaus  tulk  about  it  eolemaly  oDough, 
and  wo  hear  of  truo  vdUe,  logal  voltn,  tho  B  A  volt  and  ltavl«if;h*a 
volt:  while  thoorists  will  work  thorn  out  to  eovoral  plaooB  of 
dcoimaI§,  it  is  tho  Himjilu  fuct  that  tlto  viiluus  of  tho  units  aro  ho 
uucertAin  that  thoy  may  invulvo  au  error  nf  ijiiito  2  por  cent  in 
tho  calcnlationH.  Itie  a  gri.'ut  [nty  tho  proctionl  unit*  aro  not 
defined  upon  tho  C.G.S  BjotiTUi  eiuiply,  and  any  errors  of  tho 
standard  nioroly  covurud  by  oalculttlioii  until  suflicicntly  accurato 
knowIc<l|;u  is  attAin«l. 

41S.  Tho  Voi.T  is  theunttof  efcrfromod'ce/wiif,  andsymbujlized 
by  E ;  when  of  the  naturu  of  aai  oi>]iust!d  or  Munfcr  clcciromotive 
force,  as  in  the  caeu  uf  a  ruvet»od  cell,  a  voltamclrr,  scicondary 
lii»tt<:ry,  Ac.,  it  in  writtuii  — e.  Tho  vott  in,  thurefore,  tho  <init 
of  all  thi!  osprcusionB  or  actioufl,  whioh  aii)  <iithi-r  conaequBncos 
or  jiarls  of  fli-olronicilivi*  force,  or  which  art  eiuiply  other  names 
for  thcsanii;  thing,  siioh  as  "  potential,"  "  dtflou-nco  of  potential," 
"  (ilfjc-trio  pressiirf ,"  and  "  electric  force,"  and  it  ia  now  bvcotaing 
cK)iuinon  til  apeak  of  them  siniply  as  "  the  voltage." 

The  volt  represents  a  staiio  tbroo  or  pressure ;  there  exlsta  no 
■landard  of  it  at  prraent,  but  it  is  purely  a  luatti^r  of  cutoula* 
ttou.  It  ia  of  the  value  of  10'  C.G.S.  units  (io»  M.G.S.).  This 
value  was  selected  as  being  the  noarcet  approximation  to  tha 
Daniell  cell,  which  is  the  moiit  constant  known  ;  the  volt  ia 
Uauiell  •t)i&S.  Its  valuo  is  ruallv  dclincd  as  that  E  M  F  whtoli 
seuda  an  amporo  corront  througli  an  ohm  reaiatauce,  and  tha . 
oiuifusioD  mentioned,  $  417,  ia  tlio  oonaoqnenoe  of  varying  valuea 
given  to  tli«80- 

As  tho  E  M  F  dovvloped  in  a  tkormo  eloctrio  battery  ia  eon- 
stant  for  a  &x(A  raiigu  of  tenijierature,  and  ua  tho  freezing  and 
boiling  jioiuta  are  uaxily  producible,  it  is  probable  that  a 
atanclud  volt  might  be  cons^noted  by  tliin  mnans  ;  but  it  would  1 
not  bo  roproducibte  exactly,  booauBO  any  variation  in  tho  purity  1 
of  mvtnU  altera  tho  conditions ;  it  ooultl,  howevor,  bo  copied  like 
the  ohm. 

419,  The  Ohm  is  the  unit  of  what  the  electriciang  call  Ilrmlance, 
for  thu  truo  explanation  of  which  tenn  see  tho  Chupter  vn 
Rt^siiitaiico.  It  IS  aymbuliuid  l>y  B  when  general,  but  when  it 
ia  tubdividediuto  thesevLTul  partBofthooirouititU  writton  r,  r', 
Ac,  Ita  value  ia  10*  C.G.8.  unils,  and  this  valuo  waa  ohoaou  04 
a  uvAT  approximation  to  ttie  Sicmcmt  mercury  unit,  which  vraa 
largely  iu  use,  and  Is  a  column  of  inorcury  1  metro  long  and  i 
millimetre  section,  at  the  fret-King  point  of  wator.  To  givon 
deSnito  idea  of  tho  ohm,  it  uiuy  It)  naid  to  bo  tac^uaX  Xa  ix-Wu^^ 


copper  of  95  per  cent,  comlui-tirity,  auoh  as  is  ortliuarily 
obtainable,  (o  Kuit  long,  -oi  inch  diani.  {or  lo  mils,  about  ja 
gaitgo),  wuigliing  2  grains  jier  foot.  Any  otht-r  wire,  of  ] 
wbntevor  mntoriiil  or  siee,  or  any  ek-ctrio  cirpwit  which  would 
cqunlly  ilivide  an  electric  cnrn>[it  with  this  wire,  would  bo 
I  ohm  of  reatstanco. 

The  exact  value  of  the  standard  ohm  prepaied  by  the  B.A.  , 
wimmilteo  ig  not  known  wrtninly.  The  following  list  of  tha 
(lifTuront  experimenlii!  doterminutioiia  shows  both  the  difficulty 
of  these  exact  experiments,  uud  lh«  real  nnoertaiuty  which  still 
exists  as  to  the  dala  upon  whii-'h  matiietuatioians  build  up 
tilaborata  oalcnlutions, 

i86a.  Weber i'o88 

1870.  r.  KolrauHch        •  foigC 

1S7J.  Loienis "9797 

1876.  Bowland        '99" 

1877.  U.  F.  Wcbor        I -0030 

188}.  Lord  liayleigh      ..'      .,      ,.       •9867 

1887.  Rowland        •9864, 

Ag  theso  differences  are  found  by  moat  skilful  ex  peri  m  cuter*, 
uidcd  by  the  most  perfect  and  complete  appliances,  it  is  not  a 
matter  of  surprise  that  the  actiiat  units  obtainablo  vary  con- 
Biilornbly  from  each  other,  oepocially  as  tlio  determination  of  tho 
true  conductivity  of  pure  mercury  forms  part  of  tho  problem. 

4>a  It  is  now  customary  to  express  those  values  in  terms  of 
tho  length  of  a  ci>lumn  of  morcniy  of  i  square  millimetre 
HUctii^n.  At  the  Paris  Congress  it  was  roeolvod  that  a  looeth 
of  loi  centimetres  should  be  adoptt'd  as  tho  hi/'it  ohm.  Triat 
length  wna  known  to  Iw  iucorrcrt,  but  it  was  an  even  figure. 
However  the  English  Prmt  Office  lefusL'd  to  adopt  it,  tho 
Americans  paid  no  altentiuu,  and  though  we  read  occnsieDally 
of  leyal  ohms,  and  leyal  volts  as  a  conseiiucnce,  the  thitig  has  no 
existence  or  use. 

The  B.A.  unit  is  ttill  employed  in  tho  Post  Office  and  by  most 
ppojile,  for  the  simple  reasun  thut.  it  wtmM  \ic  a  very  costly  pro- 
oefs  to  change  tho  insirmnmils,  and  l<t  what  will  be  decreed  by 
any  future  Congress,  in  ull  pruhahility  th^li.A.  unit  will  cnn tin ue 
in  use  and  bo  oorrccled  in  cutuulatiiinii  by  mcanB  of  a  constant. 

It  appears  prolstblo  tlat  a  length    of  loi-j  cm.  will    ho 
adopted  liofore   lung  as  the   new    legal  ohm,  us   ihut  appears 
to  In}  the  value  of  to°  C.O.S.  uuita  aooordiug  to  tlio  mo^t  trust- 
\Worthy  experiments. 

421.  There  have  been  many  disoussions  as  to  tho  best  way 
of  oonstrocting  a  ^lamlard  and  nprodueibleoLm.     Mercury  ia 
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•niperior  to  aiiy  aolKl  metal,  because  U  is  capable  of  eaiiy  pnrifl- 
catioii,  and  U  Kubject  to  no  moIoouLar  ohanRea;  but  how  the 
column  of  merouiy  ia  to  be  produced  ia  tineationable,  beoautw 
there  ia  no  mode  of  securing  a  tulie  of  exact  section,  and  the 
adjuatment  of  fractional  lengths  ih  difficult.  The  plan  which  I 
ha»e  suggesiwt  gtita  over  tliis;  k-t  a  V-^roove  do  formed  in 
ebuuito  or  Rlasa.  exactly  i  metre  long,  or  two  such  groovoit  aide 
by  Bide,  half  a  metre  long,  and  conneoted  by  massive  copiier  at 
one  end,  so  aa  to  have  the  terminals  side  by  side ;  this  oeing 
plaoed  exactly  level,  let  so  mnoh  mercury  be  put  into  the 
grooves  aa  sJiall  exactly  make  the  ohm :  this  would  make  its 
owTi  flection,  and  all  that  would  bo  nocossary  would  be  to 
ascertain  exactly  the  weight  of  mercuiy  required ;  weight  and 
length,  the  two  easiest  measures  to  dotormiue  exactly,  are  all 
the  data  which  would  be  required ;  a  cover  applied  would 
oompleto  the  apparatus,  with  suitable  an'angemonte  for  keeping 
it  at  the  proper  temperature. 

433.  Tlio  Amperi:  is  the  unit  of  Current,  or  quantity  per 
Becond,  the  one  thing  which  has  an  actual  value  in  nature, 
which  value  is  not,  however,  titken  into  account  iu  the  eystcin. 
The  unit  value  of  curroDt  is  defined  of  necceaity  by  tbo  relations 
of  Ohm's  formula — 


!-• 


EMF 
Itosistancu 


=  Current. 


i^  =  10-'  CCS. 
lo" 


or 


io° 

lot 


Volt       .       , 
=  io-'M.G5. 


The  ampere  wna  formerly  called  the  veber.  Its  actual  value  Iti 
not  yot  ascertained  eatisfaolorily,  and  the  diScrenoe  of  values 
given  is  coneideiablc.  The  value  accepted  until  recently  makes 
the  ampcro  a  current  which,  doing  work  iu  electrolysis,  releMOa 
•OOCOIOJ2  gramme  of  hydrogen  per  rccond.  or  in  grnitis 
■ccoi;B,  and  the  equivalent  proportion  of  any  other  substanoe. 
M.  Alascart  found  the  value,  grammo  'OOOOIO415  of  bydrogSD, 
which  is  in  grains  '000161. 

Lord  Hayleigh's  latest  determination,  which  is  likely  to  become 
the  accepted  value,  ia  a  deposit  of  silver  per  second,  gramma 
■001 1 18  which  ooTTOsponds  to  hydrogen  -ooooiojjiS. 

Nitrate  of  silver  15  or  20  parts  in  100  water  is  used  and  is 
probably  Ihe  most  trustworthy  substance  for  actual  measure- 
ments, because  the  equivalent  of  silver  being  I03'  reduoea  the 
effect  of  small  errors ;  the  nitrate  of  silver  is  also  easily  obtained 
pure,  and  there  is  little  risk  of  producing  b&tiw  eaXXa,  \to-s"\*w^ 
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tlw  denrity  of  ciirront  h  kept  low.     But  for  ordiiiarj-  purp<»os 
the  sulphate  of  copper  ie  laatiBlactoiy. 

This  value,  and  tho  change  in  value  of  the  ohm  will  affect 
the  correctness  of  many  of  the  figures  which  will  he  given  in 
the  Chapter  on  Elect  romotivo  Force. 

The  ampere  hour  ie  a  larger  nnit  coming  into  vao  for  electrio 
light  pnrposce,  anil  ib  iise<l  as  a  unit  of  quantity,  being  the 
value  ofiCoo  ooulomlia,  or  ampere  scooniJe-  ' 

42J.  'tlia  CovLOUttie the  vnh  of  Dunamic  liiianlity:  it  i§  or  the 
value  of   t    ampere  of  aiireiit  during   one  second;  that  is,  a      ■ 
ciinent  of  lo  amjieres  would  transmit  m  one  second  10  coulombs      I 
of  electrio  quantity;  the  cdulomb  is,  therefore,  CCy.  10"',  and 
represents    chemically.    -000158    grain    <if  hydrogen,  or  such 
values  a«  have  just  been  doscrihe<l  for  the  ampere-second. 

424.  The  FiiiAJ)  is  the  unit  of  Caparitv,  ttml  its  value  is 
^;c.Hlomll-^voU,  or  C.G.S.  lo"  units  (M.0.8.  lo'').  That  is  to 
Kay,  thut  tho  capacity  of  a  condenser  is  the  number  of  units  of 
tiuautity  it  will  reoeive  under  unit  furce.  Tho  value  given  is 
tnat  of  the  electro  miignetic  sysleni,  and  a  unit  condeniier  would 
therefore  he  one  Iiulding  i  coulomb  under  i  volt  potential.  It 
will  bo  seen.  §  107,  that  tho  nnit  of  capacity  on  the  elef^tro- 
statio  system  iaa  sphere  of  1  centimetre  radiuH,  which  would  hold 
the  quantity  defined,  S  87,  so  that  on  this  system  the  oapatity  of 
the  earth  is  caloulatod  as  610  millioni*  e-s  units.  But  all  thia 
belottgi  to  Ijic  tlecliieilij  ithieh  hat  been  invcjiled  bi/  the  tchot^tnen  ;  na 
to  the  earth,  there  is  no  evidence  that  it  bos  any  etatio  charge 
as  a  wholO'^i.  e.  as  a  sphere  in  space ;  it  has  many  local 
charges,  constantly  varying,  set  up  between  parts  of  its  surface 
and  tho  surrounding  atmosphere  and  clouds.  Ita  cajtacity  in 
imaginnry,  hut  tho  figure  is  useful  to  give  some  conception  of 
the  meaning;  dividing  this  charge  by  tho  ratio  e',  $  414,  wo 
hnvo  £3  X  io'-i-(j  X  io'°)'  =  7'  C.G.8.  units,  and  the  micro 
farad  being  to"  this  is  700  micro-farads  or  iibuut  3400  miles  of 
oablo,  and  gives  *  1 104  millionth  of  a  gmin  of  hydrogen  at  tho 
chemical  equivalent  of  the  electricity  which  would  charge  tho 
earth  to  tho  potential  of  1  volt, 

425.  Tho  Mic'iio-FAitAb  is  the  practiotl  unit  of  capncity,  os  the 
fitrud  it«clf  is  out  of  all  practical  use.  This  is  the  oncmillioatb 
of  a  farad  and  may  be  represented  by  j*5  niilis  of  nveraKO 
telo(p«ph  cable;  see  S  107  p-  67.  and  the  table  p.  71,  where  tho 
natural  truth  nit  to  capacity  is  fully  cxpluined. 

436,  Tliii  Jotit.K  or  Joui:Ati  is  the  unit  of  Energy  expended.  It 
is  the  work  done  per  second  by  the  ampere  in  i  ohm,  and  its 
expression  is  J  =  C  X  K,  This  is  the  energy  expended,  tho 
work  done  iu  passing  tie  current  through  the  circuit.    /( 1*  Ihe 
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thcso  relfttianB  fjiviog  the  ordinatea  of  the  oorve  of  each  par- 
tiuulur  current :  bat  they  caniiot  bo  expressed  by  the  ordinary 
forniulffi.  bocauBo  tho  var^'int;  conditious  of  each  circuit,  and  the 
rate  of  interruption — the  '^  frequeney,"  introdiioo  tho  dietui'I.iing 
element  called  "  self-induction"  and  other  namea  now  re- 
placed by  the  genora!  term  "  inductance."  This  really  acts  in 
two  ways,  as  E  M  P.  and  as  an  additional  refiistance,  both 
vanishing,  aa  tho  ''capacity,"  electric  and  magnetic,  of  tho 
oirouit  is  eatisfled,     Tho  formula  therefore  becomeB 

E,->e 
K-f  >r 

For  practioal  purposes  it  may  he  represontod  a«  a  temporary 
ri-nistaiico  for  which  a  measure  has  become  necessary  now  that 
ultcrnating  current*!  aru  brought  into  groat  jiriictical  nee. 

4JO.  Tho  Henbt  is  pretty  sure  to  bo  the  name  i)f  tho  unit  of 
inductanco,  ulthuUKii  a  cougress  at  Paris  (18S9)  bus  docided  to 
c«U  it  a  "quadrant"  and  its  introducers,  rrofuaBors  Ayrton  and 
Perry  named  it  the  "  secohm."  Those  latter  names  explain  the 
meaning  of  tho  unit  in  the  syeiem  of  dimensions.  An  ohm  is 
said  to  be  a  "  velocity  "  »nd  a  velocity  multiplied  by  a  time  is  a 
length.  80  inducttinco  in  said  to  bo  a  length,  L,  and  it«  unit  is 
QD  "ohm  second"  which  is  tho  length  of  an  earth  "quadrant" 
or  1.000,000,000  centimetres. 

The  unit  is  so  recently  proposed  that  it  is  «carcoly  pouiblo 
yot  to  ^vo  n  popular  conception  <if  it,  and  tho  appamtDS  for 
measuring  it  is  too  complicated  for  use  except  in  well  oqiiippod 
works  and  lalwinitorios. 

A  paper  read  by  Mr.  Kenelly  to  the  Institute  of  American 
Engineers,  and  to  Iwfoiinil  in  tho  'Electrician'  Vol,  xxvi.  pp.  257, 
joj,  gives  tho  fullobt  information  at  present  available. 

4JI,  An  alUrnatiii//  enrrcal  of  1  ampere  mi-ans  that "  the  square 
root  of  the  time  averages  of  its  strength  in  amperes  is  unity," 
according  to  tho  propnst-d  definitions.  As  a  matter  of  fact 
then  IB  no  auoh  thing,  as  tlio  current  varies  from  instant  to 
inetaot,  but  it  i«praclicully  necessary  to  express  the  average  of 
these  U  **  tho  ourront,"  and  it,  is  found  that  the  truo  average  is 
not  tbo  moan  of  the  currents  at  each  instunti  but  tho  square 
root  of  the  mean  of  the  squares  of  ihwHO  currents— that  is  to  »ay. 
it  is  rtlatcd  to  tho  energy  exi)oudod.  This  can  be  measured  on 
gal vftiiom<:i tors  adapted  to  the  purpiwu,  and  it  is  known  as  tho 
•■  etbclivc  current." 

4j;i,  The  vcllaije  0/  an  o/femiifi'niycurrunf,  tho  "effective  EM  F" 
is  subject  I'j  the  same  rcmiirkB.  it  is  mcu«urnlile  by  tbo  Cardow 
voltniotor  Ijochuso  this  registers  the  actual  energy  nsed  in  heating 
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its  wire*,  tittA  Iho  dirodton  of  tlw  ourrcnt  in  that  n-ira  does  not 
aflbot  tbA  result. 

Tlio  formutn  E.C  dtw*  not  givi^  tho  energy  of  an  a!t<-niMtiiig 
carront,  nnr  ik  the  rcKiiitAiiou  cutoiilaMo  as  wiUi  Htnady  (nirrontx. 

^jj.  Further  infnnnntion  iu«  to  tlie  priuoipW  wliicli  nnilnrlio 
thfum  nnita  will  bo  fonnil  lu  tho  elia[it«rA  reliitlTig  to  the  Hcvtinil 
brnnchoH,  ami  tho  ftiUowiug  titl>Ie  will  pi'eaent  the  relations  of 
tfao  tinita  to  eitob  uthcr  anil  tlitur  valuea  iu  ouo  vlow. 
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t4U.  Resistances  Measdrks. — These  are  ik-fiiiito  rceistancca  1 
iaa«i>  up  iota  eclH  for  ase,  precisuly  ns  weights  nru  iu  nntinary 
wei];Uitig,  and  thi-ai}  known  mL-asurei)  nro  coingiarod  with  the  one 
to  bo  meoittired  until  the  two  are  vqual,  in  relation  lo  olti-tricily, 
oa  the  weights  are  an  to  gnwitatiou,  hy  a  procias  no  aiiuilar  to 
that  of  weighing  that  iho  appAratus  ia  called  a  "  Balanc*," 
Tho  earliest  wore  simply  lengths  of  a  particular  wire;  then 
Wheatfltonc'fl  Rheostats  were  devised,  these  being  wires  of 
which  variahio  lengths  were  capable  of  being  measured  off: 
one  form  eonsiiited  of  a  length  of  fine  wire  wound  upon  two 
parallel  cyliu'lers  geared  tojrothc'r,  the  one  of  wood  with  a 
screw  thread  cut  in  it,  the  other  mclal,  so  as  to  make  co&tact 
with  the  wire  wound  upon  it,  leaving  the  length  on  the  wooden 
cylinder  to  form  part  of  the  circuit:  the  other  was  al*o  a 
wooden  cylinder  with  a  stouter  wire  wound  upon  il,  forming  Sj 
Borew  thread  a|;;aiDat  which   prcanid  a  travelling  wheel  on 
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nttytt]  nrlvir.  In  both  iiistrumeuta  there  were  applianocs  for 
inilic-uling  the  number  of  turns  aud  parts  of  a  turu  wliioh  wera 
loft  in  till)  circuit :  but  Iwtli  wero  very  imperfect  bocauao  the 
OOuUiotdweretiiireUiiblo.  Then  fixed  cMtiia  of  wire  wore  iiBe<I  and 
inuuiited  iu  nets,  and  fnmi  tlieso  havo  grown  up  the  histrumeuta 
now  ns(!d  contiiining  uflB<trted  sots  of  coiU  adjusted  to  ohms, 
or  any  oouvenieint  niidti|jle8. 

TheinstrumoniB  described  here  will  be  ohidfly  such  as  students 
and  amateurs  can  iwiislruct  for  theuisoIvcB ;  for  large  operations 
many  variud  forms  are  devised,  but  once  utideratauding  tho 
principles,  any  intelligent  person  can  vary  tic  construction  to 
suit  his  purposes. 

4J5,  BraisrANCE  Coils. — These  are  easily  made  up  to  any 
reeistanoc.  They  are  cuuiuionly  mouut<id  in  sets,  giving 
looo,  10,000,  or  100,030  units,  and  are  very  exponsivo  infitru- 
inents.  owing  to  the  j^reat  labour  of  adjustment.  The  usual 
plan  is  to  make  u]>  coils  corresjMudiu^  to  the  re^iuirod  divisions 
and  connect  tho  several  terminals  to  masslvu  blocks  of  brnss 
arranged  nearly  in  coutact,  so  that  a  hole  bort'd  at  the  middle 
of  thfi  oiffiscil  cdgos  will  cimiiwt  tho  (wljoiiiiui^  blufUs  when 
filled  up  liy  a  slightly  coniuiil  metal  plug.  Fig.  44  ^hnws  tho 
luoile  of  ronnectiun  which  is  largely  ciuplnyed  in  clculrical  in- 
ittrumenta  and  given  an  cxccll<.-nt  connection,  if  kejit  elMn.  When 
the  plugs  are  inni^rtod,  the  oirciiit  piisEcs  through  them  and 
there  it  no  rceietjincc  ;  by  rc^nioving  11  plug  tho  current  Las  to 
piiBS  through  the  wire  wlnwi  ends  are  connectj'd  to  the  two 
uluclcB.  Tlipso  blocks  arii  cunimonly  acrcwod  upon  a  plate  of 
cbiinito  or  wood,  Ac.,  which  alluws 
dust.  Ac,  lo  collect;  they  uhoutd 
uitliur  bu  ttunlc  into  (d>onite,  which 
uould  lie  done  before  this  in  hardened, 
or  elao  all  the  siniucs  nhould  he  fillcil 
u|i  with  pieocB,  80  aA  to  leave  a  smixjth 
surface  with  no  oiieniugs  but  iho  plug- 
holes. 
'Z^  4j6.  To  reduce  the  number  of 
those  connections,  it  is  usual  to 
make  up  the  coils  on  tlie  same  orinciple  tliat  chemical  weighla 
are  divided,  viz.  1,  2,  3,  6,  as  by  combination  of  iliese,  10,  or 
any  of  its  subdivisions,  may  be  obtained;  iu  other  caaos  the 
combinations  of  i,  a,  j,  4  or  of  I,  2,  2.  J  are  uaed.  These  com- 
binations have  tho  ailvantage  of  requiring  only  feur  I'eels  and 
four  adjustments  to  each  decimal  seriei;  they  are  therefore 
cheaper  to  make  in  a  large  way  ;  but  they  are  more  lioublesome 
to  use  tliau  instruments  with  complete  decimal  acts  a.i  described 
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1H^low,aa  tlii^y  n^niro  more  arratii:einoiit  of  tin-  rdiiiMtanoea,  ftUid 
Htvv  arc*  niuru  coiulucivo  U>  uiiiiUikirH,  ax  thi-y  in^i^ciuiiUtto  tfao 
■ddiDg  togellior  tbo  renslanocs  opeaed.  In  tlii;nu  iiinlruiucDts 
thtiro  is  «  oomplete  wire  circnil  mil  tlirougli,  aiu)  the  ))lu;i:a 
"shott  circnit,"  or  tibut  off  so  miiob  of  tho  win;  nif  may  not  bo 
ruquiKxl.  Ill  the  next  fona.  on  tliu  ooutrary,  tb«ru  ia  no  tbrougb 
wire,  but  Booh  lengths  as  sra  required  lura  Uirowu  luto  circuit 
by  a  sinslo  oonncotion  for  each  dcoimal  set. 

4J7.  Bkcimal  Resistasck  Isstkomest. — Oonudoration  of  tho 
vmnoas  advauta(;ca  and  evils  of  these  inatmmeols,  both  in  prin- 
^|0o  and  convenience  of  conatniclioii  by  amateurs,  led  mo  to 
deviae  an  arran^ment,  which — writing  an  1  do  exitresslj  to 
aid  those  who  wisli  to  construct  itiatniuit'iils  for  tlioiusolves — ■ 
I  will  DOW  doscribu.  In  f^iriti^  its  mode  of  construction  I  shall 
endetivoiir  to  funiiHh  such  practioul  ubsurvalioiiH  as  my  own 
:perieiica  indicates  may  obviate  difficulties  likely  to  fivisu  in 
lO  oonatruction.  The  instnimont  described  gives  rcj^islnnccs 
varying  from  looo  ohms  to  i-ioco,  but  for  oonvcnii^ncii  i)f 
making  and  facility  of  rcsuling.  the  elements  aro  nrrnnt;cd  in 
regular  f<<l4  of  ninu  uxiictly  similar  pnrtn,  tho  tvnniHul  con- 
iMiotionH  airan^cd  un  in  Fig.  ^j,  whicn  ri^prr-iWDtii  oaia  decimal 
tVt  for  any  diviniuu.  V.aah  mrgnu'iit  r'!|iri«cnUi  a  oiiiiiiL-cliuii 
4jS.  C,  the  CL-nlro  cuiineutitiu,  Ii-iliIh  dilhi^  to  o  of  the  next 
ritia  or,  i»  the  bint,  to  ibu  t«rniinul  ncrt-w.  A  gluiice  will  now 
ow  tluttthuciirivuteutcniat  -f-  which  ik  i-onncchnl  tuu  ;  if  tbia 
oontieciled  to  C,  tbi-  cirouit  )ituini>i>  I'roni  thin  to  the  next  series, 
'while  if  C  is  oounected  to  any  of  tbi;  numbereil  ntnda,  just  so 
many  divisions  of  n«ititaiice  uru  included  in  tho  circuit. 
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Fig.  4S  eliOWB  tho  oomphstc   amiiigemtnt :   tho    upper  Bets 
l»[ireBeut  whoK"  number*  of  units ;  the  lower  sels,  tho  (lecimal- 
idiviiiions;  all  arranged  in  the  usual  luudu  gf  placing  Cgurofl. 


333 


UEAfiTREHEKT. 


t4j8 


Tlio  reHirtaDOO  AS  it  iseli.mii,  thuuTfoit.  r<fl(l»  off  8C;*  107  units, 
Tho  dotted  Uiiea  rciirosoat  tlie  fixed  ciinuecti(um,  and  tho  [mtli  of 
the  cnrrynt.  may  thus  Ins  rcftdily  trnoeil.tliroiigli  the  diagram. 

4}8,  CoNSTiiucTios  ot-  KtBiSTJsCE  Instbuiikst. — (i)  Connee- 
litin*.  ThcBij  may  lie  like  Fig.  44,  but  oonipHSed  of  a  circular 
I'liirk  and  A  ringof  aegmontul  IiIocIcb  witit  hulce  to  ooanoct  any 
Bi'pnont  to  the  ccntru,  as  bliowii,  I'tg.  45. 

T!i<jy  tuav  bo  u  central  [lillnr  with  a  spring  travereing  over  a 
ring  i>f  studs  or  eegiui^ntal  blocks ;  tbu  spriug  should  be  wide 
enough  to  pass  from  stud  to  stud  without  bivnk  of  circuit. 
This  plau  is  very  quick  and  handy  iu  use,  but  ia  only  suited  t» 
large  resistances ;  the  vaiyiog  pressure  ol'  tho  sjiring,  tho 
ooating  of  tho  studs  with  duiit  or  Gtuuku,  makes  a  groat 
dift'erenco  in  tho  cimtact  rosiBtHncc-s.  If  employed,  the  epring 
hhould  pri'ss  strongly,  aud  all  tht*  lacea  Ixs  well  gilt.  The  beet 
plan,  but  troublcMonie  iu  some  resiwcta,  ia  to  use  mercury  cupa, 
connected  together  by  a  bridge  of  stout  copper  wire,  Tlic  cupa 
ai'u  easily  tniidu  by  using  for  tho  top  a  thick  piece  of  wood  (niy 
1 1  inch),  boring  holes  thiough,  and  filling  tlio  lower  half  of  tho 
lloW  with  a  copper  rod  or  screw,  the  end  of  which,  as  also  of 
tho  links,  should  be  first  well  amalgnmatcd.  Brass  screws  will 
not  do,  as  niercurv  peuutralcB  them,  and  iron  is  objootionablo, 
o»  being  likely  to  dieturb  ncighlrourine  gnlvanometers,  Tho 
ondM  of  the  Bcrvws  whieli  project  througti  tho  wood  should  be 
first  tinned,  roady  for  eulderiug  tlju  wires  to  thorn.     See  oUo 

(])  The  coiU,  Tho  wire  is  usually  laid  upon  rMla;  tfaeso 
may  be  of  brass  with  a  screwed  end  to  go  into  the  blocks ;  ono 
end  of  the  wire  is  soldered  to  the  reel.  If  mercury  cups  aio 
lined,  anil  the  instrument  oannot  be  turned  over,  it  is  bettor  to 
amngc  short  coils  horizontally,  instead  of  longer  vertical  ones ; 
fix  to  the  middle  lino  of  the  lower  side  of  tlio  top,  a  vertical 
Ixiard  from  which  the  proper  number  of  rods  prtyi-et,  and  slip 
the  reels  on  these,  Froni  each  of  the  oojiper  screws  of  the  cups 
P  bring  two  stout  wires  ctit  to  the  side  of  the  tup,  along  the  edgOi 

\  for  connecting  tho  ends  of  the  coil  wires  to  when  mounting. 

^H  Tho  adjiutjneut  can  then  be  made  cuuveniontly  as  the  iustni- 
^V  uient  stands,  tho  ouils  being  all  accessible  and  removable.  I'lio 
F  wire,  cut  in  li-ngtha  a  little  in  exeeda  of  the  resinlanco  required, 

1^^  js  doubled  and  laiil  so  uj)ou  the  reel ;  this  avoids  any  induction 
^B  ia  the  wires,  as  the  cuirent  ia  everywhere  reversed,  and  it  alito 
^^U  prevents  the  coils  from  acting  as  magnets  upon  neighbuuriug 
^H     galvanometere. 

^H  Another  mode  is  to  divide  the  length  of  the  reel  ■»  two  purta 
^H     by  a  partition  aud  wind  half  the  wire  iu  one  direction  in  one 
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DBiiMiiiueut,  and  tbiui  ruvcnio  tliu  winding  in  tlin  other  coin- 

irtmunt :  thia  ia  batm  purfoct  tJiun  tliu  two  contif^uuiiH  wirva, 

Dl  tbo  wire  i*  more  tttnily  liiiil,  unil  li'akitgt!  in  Ii,<mi  iirgbnblo. 
Tbd  two  «ti(U  are  to  bo  left  nut  fur  vonnt-ctiun.  and  in  nni;  wires 
it  b  denirable  to  jutn  a  oUiuti^r  wiru  (or  a  nhort  pivuo  nF  ooppor 
wire)  on  them  to  roducu  rltik  of  bruaking  juiit  uutnidc!  the  coila. 
If  jir<.>forrud,  tlie  middle  or  tlio  wiru  may  bo  within  the  coilii,  «o 
tliaL  ihu  twi>  cuda  are  outwanl  and  aocoaaible. 

It  in  not  nuooHHary  la  lay  the  wire  on  roels ;  it  nmy  bo 
doubled  and  ri>Ucd  up  in  amall  coila  if  profi-rrei! ;  Oiiti  cxposca 
tuoru  Borfaov,  and  tlio  heat  eas  eecapo  nioro  fhiely,  but  i.i  uii>ro 
(rouble  in  fitting  tip. 

(j)  ITm  uirt^.  These  should  bo  German  nilver,  or  the  new 
alloy,  platinoid  :  it  U  usually  a!  Ik-cove  red,  but  cotton  ia  nearly 
aa  ffKid.  li  ia  desirable  to  Baturato  the  coveriup;  with  paraffin, 
by  baking  tJioroughly  dry  and  dippinj^  while  hot  into  meltod 
paraffin.  This  can  Iw  doDo  either  bt'foici  or  after  laying  on 
reids,  Genuim  silvei'  wire  varies  very  much  in  lesiatauce, 
according  to  the  aniouut  of  nickel  in  it.  Of  two  wires  of 
exactly  the  samo  gauge,  W  26,  3  feet  of  tho  Ixwt  luilaiicod 
tl  foot  6  inchcMof  tho  commoner;  tJiemfore,  the  Huitahle  sixes 
OMtnot  bo  given,  but  rauitt  bo  aaoertainod  by  aid  of  Uiu  tables 
of  win«. 

It  is  ussUm  to  moasuro  longtha  of  wire,  bocanso  the  roaidancD 
varies  in  each  length,  owing  to  alight  rariationa  in  thiekuom, 
and  still  more  to  slight  changea  01  quality,  and  tho  finer  tho 
wire  the  greater  this  variation.  Th<ia,  in  No.  18  two  trials 
dift'.red  only  a  quarter  iuoh;  in  No.  34  many  trials  gave 
nwulls  varying  from  6*4  to  7*1  inches.  Jt  is  uaclLiui  aUo  to 
adjiiKt  wires  Keforo  winding,  as  llic  Rtrain  upon  thuiu  alti^rs 
their  Hixe  »lighlly,  and  ho  affccta  the  reaiatauoc,  and  thL«  thu 
more  if,  ns  Khuuld  btr  duni*,  soft  wires  are  used. 

Thu  aiKO  of  wiru  is  to  be  tielected  according  to  the  purpose  of 
tho  instrument.  If  it  is  to  be  used  as  an  actual  reaistauoe  for 
varying  cnnvnta  (and  auch  au  inatninient  is  essential)  largo 
wirvH  ninist  be  used,  to  avoid  tho  oflecls  of  heating  by  ^a 
current ;  if  it  is  idinired  only  for  meiiHuring  reniitanc«i  with 
tho  bridge.  08  only  vuiall  and  uomoutai^  currenta  pasa,  finer 
■win*  may  bo  employed.    Tho  following  sizes  arc  suitablo : 


to  olima  .. 


No.  iH.— 11 
„    JO.— 19 


100  ohms 
1000    „     .. 


No.  35.— J4 
„    ii.— 40 


Decimal  seta  need  not  be  all  of  otiu-aizud  wire  :  the  larger  sizes 
may  bo  need  for  tho  tiret  coila,  and  finer  aa  the  roaiataiice  rises, 
(4)  il^liWnimf.     Thia  is  effected  on  the  prinoiploe  described 
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S  455-  Ity  balancing  agaiiiat  a  ttlumlurJ.  The  ends  of  wire  loft 
for  fttljustmcnt  are  wtll  cli^aiioJ,  anil  uliortuiiutl  hy  crossing  in 
tiuntaot  till  closely  correct,  when  lliej-  tihould  ho  twiflcil  logetlmr 
and  soldered,  mid  ihis  conliiitied  nulil  it  exactly  ('qnals  tin) 
dtandard.  The  following  in  u  moro  jierfect  [dan.  Having  by 
mere  contaot,  as  IJefore,  ascertained  elomdy 
the  praper  iBnglli,  slide  uprm  the  two  ewds 
(first  tinnin;;  them  with  the  solderin^r  iron) 
a  short  piece  of  hTusa  tnbe.  also  tinned, 
which  is  best  done  by  trailing  in  a  lin  vessel 
with  a  solution  of  caustic  aijda.  adding  a 
little  oxide  of  tin  (putty  jKiwder)  and  some 
fjittnuhttcd  tin  and  press  it  together  so  aB 
to  grip  tlio  wires  firmly.  Slide  the 
wins  ends  through  thia,  Vr-atching  the  ga  1  van o meter  till  the 
rcBistftiice  shows  closely  right,  or  a  trifle  too  small :  then  touch 
the  joint  with  a  soldering  iron,  and  allow  it  to  cool  eomplctcly. 
The  final  adjustment  is  U>  be  made  by  tiling  away  the  joint  so 
as  tu  lengthen  the  wires,  or  tho  wires  tliomselvos,  so  as  to 
iiici-eaj9o  tho  rc-sistuncd  until  CuVTect.  Witli  lino  wires  it  w  woU 
to  join  on  stuut^sr  ends  fur  Uiis  udjuntmiMit ;  there  in  also  a  grvu 
Hi| vantage  in  mddi-ring  oiia  second  wiruneur  thoadjimting  point, 
w>  tliiit  tho  cin-iiit  there  is  double :  the  efTeet  is  that  any  diange 
of  ri-siKtimee  involves  a  double  change  of  louglhuf  wirL',  mid  also 
llmrt!  is  leas  rink  of  ooniplcte  break  of  circuit ;  this  may  bo  curried 
fnrlhi-r  by  making  this  second  loop  of  mnoli  greater  length  than 
that  of  the  wire  it  affects.  When  adjusted,  tho  coils  suspended 
from  tho  top  can  bo  iuscrtoil  into  a  ctwo,  which  is  to  be  secured 
by  afow&crowstotho  top,  and  forms  tho  iitand  of  tho  iiutruuient. 
tor  further  details  of  construction  sec  S  455. 

(5)  SubditiiiofU  of  an  ohm. — Thoso  may,  lor  ordinary  pnrposee, 
bo  made  by  division  of  a  length.  Take  i  ohm  in  No,  16  Oennan 
silver  wire;  measure  into  10  parts. and  at  each  divistou  solder  a 
copper  wire,  to  be  taken  as  closo  np  as  ]XMsible  to  its  connection, 
A  copper  or  brass  wire.  No.  18,  may  bo  balanced  against  one  ol 
Ihene  tenths,  and  «o  furnish  hundredths  in  like  manner,  and  a 
length  of  No.  10  will  give  tlioueandths.  Tho  subdivisions  may 
he  balanced  singly  by  a  standard  ohm,  using  thu  niuitiplying 
ratios  of  tho  bridge. 

(6)  The  fixed  rtsittance. — The  permanent  connoctiona  should 
\io  made  with  very  stout  copper,  tho  whole  of  tho  couDoctiuna 
arranged  fur  short  circuit  (that  is  front  o  to  C),  and  this  lixcd 
reetstatici)  meuKurcd.  and  added  in  calculatiunn  to  the  rcsistmco 
BfaowD.  For  UTO  with  tho  bridge  it  is  well  to  use  a  pair  of  oon- 
ducturs  LD  the  proper  oi>euing,  and  to  balance  against  these  and 
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th«  fisod  rwistanoo  a  ]eng;tli  of  wire  which,  being  cnt  in  two,  is 
to  be  osed  to  oonncct  anv  r«siirta»co  to  the  mearare ;  thou  all 
but  the  actual  resistance  sqowu  is iieiiCraliEod,iiiiIeea  multiplying 
ratios  are  tmpIoveiL 

4!>  MuSDBliia  RsSLTTAVoa. — Electric  resistances  aro  mea- 
Hurtil  by  OMnpftriiif;  thsm  with  other  n-aiiitaooos  of  kiiowri 
amount,  and  the  jirooc^sus  aro  of  two  kiuds:  (i)  The  comimring 
of  currenU  produced  a^inst  the  rcsistancGa.  (i)  Tho  com- 
paring the  electric  prenuret  or  differenai  of  potmtial  betwt«on  twi> 
oouducloi*,  Tho  first  system  may  bo  applits):  (i)  By  Ohiu'a 
laws,  c&'oulating  tho  rusistaiioe  from  the  known  E  M  F  and 
current,  (i)  By  obaervinf^,  with  a  galvauouieter,  the  currcuta 
produced  abder  given  cODmUons ;  then  rojilaoing  Uie  resistaucea 
to  bo  measured  by  &  set  of  meotuTed  rcaistAiioes,  and  altering 
tbew  until  Ihe  same  deflection  is  obtnined.  (})  By  a  differL-ntial 
fCAlvanometer,  as  diiscrilied  S  J^S-  This  process  depends  upon 
the  Ittws  of  durivwl  circuits,  and  directly  balanoca  the  currenta 
themnelrcw  «gninst  each  other. 

440,  The  Wheatstose  BiiincK. — The  second  principle,  that  of 
eomjiaring  jioU-riliah  purely,  without  any  reference  to  the  rvrrentt 
paBsini*,  is  that  of  tho  ^V  heats  tone  bridRO,  bo  called  because  & 
0T08S  circuit  is  producoil  betweon  two  point*  of  equal  potential. 
It  is  also,  and  more  appropriately  called  "the  lalance,"  becauso 
tliat  connection  does  as  truly  bulanco  the  circutta  against  each 
other  as  the  weighing  balance  does  the-  ciirlirs  attraction  Upon 
bodies  on  its  opposite  arms.  It  is  also  called  "the  parallelo- 
giam,"  because  it  fiiriua  a  parullelotfram  of  forces. 

The  princiole  and  tho  une  of  Uie  iuatmment  is  extremely 
aimple ;  but  the  books  make  it  11  very  myslurioua  aubjeot  buried 
under  algebraic  formula',  which  make  people  imagine  that  it  is 
liopelesa  to  try  to  undomtand  it.  The  principle  is  that  of  & 
Bule-of-Three  sum  applioil  to  the  law  of  derived  circuits,  that 
the  current  wilt  divide  among  all  the  branches  in  the  inversft 
ratio  of  the  several  resiatauoef. 

441.  'ITio  distribution  of  potential  is  equally  aimple,  if  wa 
dearly  distinguish  between  E  M  F  and  potential,  with  their 
relation  to  current.  E  M  P  im  tho  initial  or  exciting  cause 
existing  at  the  zinc  plate  in  tho  liquid  of  a  galvanic  cell,  and 
noirhere  eUe.  To  thinlc  of  E  M  F  us  existing  in  the  wire*,  only 
causes  confuwon.  But  £  M  F  nets  up  a  molecular  straJv 
throughout  the  whole  circuit,  which  conaiittttes  tlie  "  diSerenco 
of  potential "  between  any  two  ptiris  of  tho  circuit,  ajid  is  di»- 
tribut«d  {as  what  way  he  convoniently  called  eUclrie  jmtture) 
over  the  circuit  in  exact  proportion  to  the  realstAnoefl.  This 
ooncoption  treats  potential  m  lingle,  and  reckons  it  as  "abov«  | 
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efcrth  or  zoto,"SS  91  anil  io^<  But  na  it  ib  an  artifioial  repro- 
eODtotioD  of  the  facts,  it  will  be  well  t«  show  how  it  properly 
represents  (lie  conditicaiH  of  tlie  electric  circuit. 

44^.  Wherever  wo  open  our  circuit,  we  find  a  poeitive  and 
nogiitive  comlition,  a  +  ami  —  pole  of  equal  iind  opposito  foroc§, 
these  being  simply  the  opposite  faceit  of  the  purticlos  in  the 
circuit,  g$  ai  and  134. 

We  Bhoiild  therefore  begin  by  tfainkiDg  of  "  olcotrio  preeaure  " 
AS  twofol<l,aB  repreeentiiig  tho  opponile  btressos  of  tbt-eo  partiolea. 
Fig.  46  presonte  this  view,  ana  shows  how  tho  force  ie  distri- 
buted. A  B  is  the  circuit  (which  is  regardal 
as  a  resistance  divided  into  lo  equal  parts), 
starting  from  the  face  of  tho  liquid  A  C,  in 
contact  with  the  zinc.aiidretiimiug  tbrongh 
tho  negative  plate  and  tho  outer  circuit  to 
tho  zinc  plato,  B  Q,  Treating  the  E  M  F 
us  a  unit,  and  calling  its  value  10,  we  have 
4-  and  —  prcBsures,  each  ^,  or  a  tttjerence  nj 
potential  of  10,  equal  at  the  point  of  origin 
to  the  E  M  F,  und  drawn  to  the  anme  scale 
US  the  rtsistauce.  The  lino  CD  is,  there- 
fore, the  line  of  distribution  of  potential, 
which  is  likewisu  divided  into  10  equal 
parte,  vertical  lines  from  which  sliow  the  pioegure  exisling  in 
any  p<u^  of  the  circuit.  Thua  from  any  points  on  the  lino  of 
potential  C  D,  lines  to  the  line  of  rceistauce  A  B  will  cut  off  a 
ic^islanco  L-qual  in  proportion  to  the  sum  uf  -|-  and  —  prcBGiiroe, 
incliidvil  in  the  iutormediute  conductor,  and  acting  to  set  np 
Oiirrvnt  in  it. 

It  should  be  remembered  that  the  actual  values  of  the  E  M  F 
•nd  poteiiliiil,  or  roBistance,  are  of  no  ccneequcnce.  Let  them 
•U  bo  great  ar  all  smnll,  or  one  small  and  tho  other  great,  these 
rotioi  or  jiToporlloiu  will  hold  good, 

44 J.  Ah  yrt  wo  hnvc  rcgnrdcd  Pig.  48  aarepreBentiuga  whole 
circuit  and  force,  but  it  nppliee  equally  to  any  fraction  of  a 
circuit.  Hcmcmhering  tho  distinction  mado  between  EMF 
and  potential,  yet  if  wo  take  any  portion  of  a  circuit,  and  ascer- 
tain the  diScrenco  of  ])otcntial  between  tho  ciitremitiea  of  that 
portion,  wo  may  regard  that  as  thoE  MF  acting  in  that  portion. 
Let  A  B  be  only  a  tenth  part  of  the  circuit,  then  if  tlio  §ame 
total  E  M  F  is  netinc,  tho  actual  difference  of  potential,  consti- 
tuting tho  force  within  this  section  of  the  circuit,  will  bo  only  t 
(equal  toons-tenth  of  the  acting  EM  F)  instead  of  10,  but  ita 
proportionate  distribntion  over  the  included  re«Utauco  will 
remain  unaltered. 
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444.  Bnt  furtbor,  ih«M  umo  oon>Htioiis  npply  equally  if  A  B, 
this  portion  of  a  circuit,  instead  of  iHiin^  n  ainglg  path,  bo  two 
or  many  ;  tfao  total  ciirront  will  diviilu  ittialf  Mnong  tb«  paths 
in  tho  inrorso  ratio  of  thuir  nwialunir^B,  no  mattor  how  tiieeo 
diflWi  and  tbo  potential  will  \>o  di.it ributi.Hl  in  ooch  of  th(?§o 
Htriftd  tiT«uU»  oror  that  rvin-ituni.-o  in  pniportionato  ratio.  To 
■bow  this,  it  u  mora  uuiivonioiit  to  IrcAt  tho  differonoe  of 
potential  a«  Einglc,  instead  of  aoom|)ouiidof  -f- and— , c«pL>cial)y 
M  this  givM  OB  oonditions  which  enable  ns  to  comparo  electrio 
pot«ntiftl  or  pT€Mun  with  tho  prouaro  vf  water. 

Fig.    4')   represents  n  twu-branch  circuit   wilb  tho  Bcvetal 
premiTw,  biit  thesu  arc  not^  as  bofora,  on  tho  same  scale  aa  tUo 
rcnstancc,  bnt  meivly  proportional.     L«t  as  &r«t  regard  tho 
lines  A]^,  ah,  ns  vertical  pipes,   con- 
DOutod  to  tho  unmo  renervoir  of  water  Fia.  <3. 

kt  an  nlovation  which  pro<liice«  a  final 

Srewnrc  B  C,  6  e  cqiml  in  both.     Now 
ividing  tho  litioa  of  huight  and  thoHo 
^of  prcssurv,  cAcli  into  10  mrtn,  cr.whnt 
the  gaind  thiii);,  dividing  A  B.  a  t 
jBatly,  wo  get   linea  wliich  roprvufiit 

the  protutnru  i-xinting  at  each  level  of 
'  the  pipe* :  but,  lot  uh  now  Hunprwo 
I  that  onu  of  th^w  pipva,  tiitittiad  of  buing 

vortical,  gou*  from  A  to  0,  or  that  it 

COM  to  anv  dijttanoo  awov  which  iihall 

Icogthcn  ita  path  to  ihu  level,  or  let  it 

follow  tlio  dotted  lino  between  th<t 
iMoiionM,  ntill  in  ouoh  proportion  of 
tSngth  com-Hpondiug  to  tlie  level  of 
'  the  Tortioul  pipe  A  B,  tbi-ru  will  bo 

exactly  the  aanio  prosauiva  in  A  B,  A 

0.  ana  a  b.     Therefore,  at  any  aueli 
lipTei  or  lineof  e(|ual  pressure  we  might  plaoo  a  eros»-«annocting 
,  pipe  between  A  B  and  the  other  pi|)0,  anil  there  would  be  no  ten- 

dcnicy  for  water  to  pass  throuffh  it.    But  let  a  cooueotton  bo 

made  hotwcou,  say,  3  in  A  B,  and  ;  in  tt  b,  and  water  would  pass 

along  this  connection,  from  A  towards  b. 

445.  Tbu  annlogj-  holcla  when  we  consider  A  B,  ab,  to  Iw  two 

electric  circuitn,  branching  from  ono  conductor  at  A  a,  and  B  t, 

tho  pottiitial  is  ibe  jwmc  at  every  equal  proportional  part  of  tho 

DNtiMtiintr,  uTid  at  •licit  points  connections  may  be  made,  and 

them  will  bo  nu  tendency  for  clectiioity  to  pass  acms  the 
,  owinectiun,  becauMc.alihougb  there  will  be  such  a  t«ndoncy  at 
j  «Mh  point,  it  will  1»  met  by  an  equal  but  opposite  tcndtmcy  a.t 
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the  other  cni  of  tho  ctosb- connect! on.     A  galvnnometer  in  thiB 

ci'oss' conn ocl  ion  will  show  no  current  passing  ;  nn  electromotor 
woMid  show  no  signs  of  charge.  This  will  hold  tnie,  though 
the  one  roBistniice  ho  a,  Ihousaml  times  as  groat  as  the  other ; 
still,  at  tho  delinito  proportionftl  puints,  eijuiil  preseureB  or  po- 
tEintinls  exist,  itnd  no  current  can  pass  across.  Fig.  50  ehowg 
tho  lines  of  Fig.  49  arranged  thus,  us  derived  circuits,  foiming 
part  of  (t  main  circuit  fmm  a  Imttery.  If  a  conui^ction  wero 
made  between  nny  of  tho  opposed  points  no  current  would  pn^Lg, 
and  it  would  divide  tho  circuit  A  B  inlo  the  four  arms  of  tho 
bridge.  Fig.  51. 


Fie.  50. 
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446.  CONSTEOCTIOM  OP  BitiDOE. — Fig.  y  espluinn  how  these 
priiioipks  are  applied  io  the  ordinary  hridgu. 

The  batt«T^  wires  are  led  to  Ihu  two  screws  from  whidi  tho 
two  branch  cirouils  +  B  E  A  —  and  -f  D  F  C  —  start,  -f-  ^i"!  — 
Xmhia  points  of  equal  presauro  for  both  cir:;nits.  E  and  F  are 
fixoa  [Kiiuts  iji  either  circuit,  connected  to  a  galvanometer  whith 
indtoatesa  cnirenl  passing  aa  long  as  Eand  Faro  not  equalised. 
It  will  show  no  action  when  the  comUiioiia  of  halauoo  are 
fulfilled.  There  are  thus  four  branches  produced,  and  an 
0]>eniug  is  made  in  each  for  the  |iurpose  of  introducing  isiidi 
resiataucea  as  will  fulfil  the  conditions  of  balance ;  those  condi- 
tions being  that  the  four  branches  shall  hold  among  theraeelvua 
tho  relatione  of  the  elements  of  a  Kuleof-Thri'e  sum :  as  long  as 
they  do  this  the  relations  may  bo  varied  to  suit  each  fuse.  Let 
ua  call  tho  resistance  in  each  brauoh  by  the  letter  placed  in  its 
opening.     Then  either 

I.    Ah  A  is  to  Bso  is  0  to  D. 
a.    As  A    „    C    „    B  „  D. 

It  is  convenient  to  treat  ono  of  the  openings  or  branolies  as 

tlie  unknown  rcisistance  to  be  measured,  and  C  will  bo  so  used. 

Then  the  law  is  that  this  resistance   (CJ  is  to  tho  ono  on  cilher 

s/da  of  it  aa  tho  one  on  its  oUier  bvde  is  to  l\io  t'cm.AW     Ka  « 
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conasqncnco,  when  tfaere  is  halnnco  lli«  bftttery  aii<l  fc»\- 
TaDomctcr  may  bo  oxchftngod  in  position  withoat  disturbing 
bftUnce. 

447.  Fig.  52  showR  thftt  we  liavo  tims  four  orraugemenls  at 
di^iowl: 

I.  Rqnnl  brotnchci  and  oqnal  ciicntta. 
1.  Unequal  brnnchoa  and  equal  ctirciiita. 
J.  E(|nnl  branches  «nd  nnvquid  circuitii. 
4.  Unaiuul  hrnnchcs  mid  iincqnal  circuits. 
Fig.  5i  ebows  tLat  i  is  ivnnlc^^ns  to  tbo  <irdinftry  weighing 
babtui.«,  and  J   to  tlic  ordinnry  stculyni'd.     It  sbuwa  alw>  by 
inspection  wbirb  (.-undilioii  in  thu  licat,  forlliroiigbout  nil  uaturo 
it  will  bi.i  I'ouud  that  rulations  which  can  lio  expressed  symme- 
trically iiro  superior  Ui  those  which  are  irregular.     No.  I  la  tbo 
biwt,  and  it  will  always  lie  found  that  nica^urumonts  mado  with 
all  four  branches  aliku  arc  niiist  ucuurate.     Number  2   is  next. 
'riiu!<o  nro  liable  only  to  actual  errors  of  iuxtrumontH  or  ol*erva- 
liuiiB,  btit  in  3  or  4  tboao  errors  arc  aiulliplied  by  whatsTor  ratio 
is  L-mployed. 


Fio.  52. 


Via.  53. 


$(^ 


k 


44S.  Tho  whole  of  tho  principles  are  exhibited  in  Fit^,  jj 
The  lino   HE  is  tho  thi>orptical  icro  0/ polcntial,  wbilo    Iho 
vertical  lintiB  are  ir<-a/rs  of  polentiul  corresponding  to  A  11,  Figs, 
^9,  %o,  and  also  mark  tlio  actual  diUcreiiuo  of  potential  included 
lu  the  bridge,  wlitch  is  completed  by  tho  points  DC,  aa  shown 
by  ibo  dotted  liues,  to  compfote  tbo  four  arms  of  tho  bridge.  Fig, 
;i.      As  long,  therefore,  as  tlio  position  of  these  points  keeps 
the  lino  D  C  horizontal,  that  is,  parallol  to  tho  «oro  line  II  B, 
these  points  aro  equally  rolntcd  to  tho  scale  of  potential,  and  no 
ciinent  would  flow  along  tho  lino  D  C,  in  ii-hich  the  galvano- 
meter is  inaortcd.    But  if  tho  propor  ratios  ate  not  itMw.\i.WmjA. 
between  the  arms,  then  one  of  Ae  ^\bte  U  li  'ua'aW  qWjSskv^-j 
bo  lower  than  tbo  other,  and  cutnmt  wo«\A,  tn'w  \»  VV-    "^^^^ 
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thoroforo,  oxActIf  rcEonibles  a  baUnconrm  in  tho  ordtnfiryEcaloB 
for  woighing, 

4.J9,  The  gahanotiKtcr  should  bo  0110  of  a  rosiBlanco  approii- 
inatiDg  Ihat  to  bo  meosuTod,  but  very  §cnsitivo,  tho  neodlo 
closely  astatic,  and  guspendod  by  a  long  fibre.  Of  courep  this 
element  is  not  suswiptiblo  of  much  alteration,  bnt  for  small 
rtsistjiiicce  a  good  astatic  galvanometer  suits;  for  largo 
rusislaDCos  tho  Thomsons  rofloctor  is  best.  Tho  law  lor 
arrangement  of  the  galvanomo'cr  resistance  is  tliat  it  ehotild 
equal  the  joint  rosistancGS  on  oithor  eido  of  it;  but  the  best  iino 
of  tbU  law  is  to  show  with  a  given  galvanometer  what  ia  tho 
most  Bcnsitivo  arrangement  of  tho  throe  fixe<l  branches,  Thcro 
should  be,  as  shown.  Fig.  51,  a  commutator  in  the  galvanometer 
coDnection,  in  order  to  prevent  tho  noeiitio  from  being  thrown 
nboat  by  alterations  in  the  branches;  it  also  enables  iiatoiualce 
contacts  in  time  with  tho  rate  of  awing  of  tho  noe<lle,  and  thtta 
cither  to  keep  on  increasing  tliis  swing,  to  got  a  noticeable 
deflection,  or,  by  opposing  the  vibrations,  to  bring  tho  nce*lle 
ijuiekly  to  rest.  This  commutator  allows  any  inductive  actions 
(which  act  lis  temporary  resistances  5  439)  to  occur  while  llie 
galvanometer  ia  out  of  circuit.  There  shonld  also  bo  a  commu- 
tator in  tho  haltory  circuit,  to  allow  cnri-ent  to  pass  only  when 
needed,  to  avoid  heating  tlie  wiru-a.  For  a  similar  reason,  as  well 
OB  for  ecouomy.  as  small  battery  power  as  possible  should  bo 
used.  For  sJl  small  reBistauces,  one  or  two  cells  of  a  good 
battery  will  suffice,  but  larger  resistances,  of  course,  require 
more,  in  order  to  set  up  a  sufficient  difierence  of  potential  in  tho 
wires,  to  allow  a  email  range  of  resistance  to  send  a  current 
through  the  galvanometer.  As  only  momentary  currents  arc 
needed,  a  good  manganese  cell  or  two  will  answer,  bnt  a 
bichromate  coll  is  generally  useful, 

450.  Fig.  5 1  is  necessary  to^raake  the  principle  of  construc- 
tion clear,  but  the  actual  instrument  need  not  take  that  form. 
So  long  as  the  two  circuits  are  properly  provided,  their  con- 
nections may  bo  arrnnged  in  any  wuy.  Thus  a  board  6  iu.  x 
3  in.  »nd  a  dozen  binding  screws  will  make  a  bridge ;  a  pieee  of 
sUint  eheet  copper,  a  in.  square,  cut  acro;^s  diagonally  aud  holes 
drilled  neat  esicb  comer  to  jiass  binding  screws  through,  will 
make  the  two  ends  ;  and  two  strips  }  in.  long,  each  containing 
three  binding  screws,  will  make  the  middle  portion  of  the  two 
circuits.  It  is  still  more  convenient  not  to  set  tho  binding 
screws  for  ^  and  — ,  E  and  F.  in  their  places,  bat  to  take  con- 
necting wires  from  those  points  and  lead  them  to  a  jjoir  of 
BorewB  at  one  end  for  the  battery,  and  a  pair  at  the  other  end 
for  the  galvanometer.    A  more  perfect  uraugcmcnt  is  to  lead 
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oo«  oT  each  of  the«e  pairs  of  wiree  to  ft  oomiuntator  fixed  on  the 
Btanil,  and  from  tliero  to  lUe  binding  hctowh. 

45 1.  The  betit  comrautalor  for  this  purposo  is  one  whiob  makos 
the  two  coutacta  euccesaively  witli  one  toucli,  as  shown  in 
Fig.  54- 

Fio.  U. 
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A  block  of  cbonito  or  dry  wood  u  ciit  with  throo  stops,  and 
upon  CAch  »  Eucnrcd  n  spring,  having  n  stem  passing  tliron(;li 
tho  block  for  ft  conductor:  on  tho  fdwsof  tlic  «pper  two  springs 
tn  floldored  platinnin  contact  pi«c«8,  and  alitci  on  tlio  lowtr  fnco 
of  ),  and  the  ti'p  of  tho  Kind  forming  tlio  fourth  wnnccljon  ; 
insuliitinK  pieces  of  cI>ouitu  an>  oomontod  to  tho  ftuxa  of  1  nnd 
I  ;  I  und  2  form  part  of  tlio  circuit  from  ono  of  thu  buttery 
binding  sert-w-H  to  tlio  -j-  or  —  point  of  tho  bridEo.  whilo  j  and  4 
aro  [iitrl  of  the  ciruiiit  from  E  to  F  to  ono  of  tlio  galranomotor 
■orcws. 

451.  Wc  hnvo  thus  an  oxcollcnt  skeleton  of  tho  bridge,  which 
ro[|uires  tho  means  of  tilling  np  tho  openings  A  B  1>  to  complete 
it:  ono  of  these  ia,  of  cowrso,  a  reeiatanco  coil,  S  4J7.  For  tho 
other  two  oiKmingB  wo  rcqniro  two  ciinul  or  proportional  rccist- 
ancce,  which  may  bo  mere  lengths  of  wire,  but  should  bo  two 
properly  fitUid  ri^siHtuncos,  variable  its  required.  Tho  bout  is  u 
Bot  made  liku  tho  resistancu  inslniment  itself,  with  t,  10,  iocs 
ohms,  and  so  on,  wliicli,  liuing  miidc>  all  continuonH,  roiiiurc  coils, 
1,  9,  ^o,  and  so  on,  with  tlio  power  of  throwing  thi>  required 
lanfi^h  into  circuit.  Tho  best  jilan  is  to  combine  all  thcw 
rcaiHtancos  and  tho  bridge  in  one  instrument. 

45J.  CoMBiXBD  BaiixiK  Asu  Ki«(srANcii<i. — Fig.  5;  shows  tho 
ordinary  post-ofBoo  pattern  arranged  to  act  as  u  bridgu.  Tho 
right-hand  cornmutator  is  that  of  the  current,  from  whiuh  it 
will  Iw  soon  tho  circuit  goes  to  the  middle  of  tho  uppor  lina 
which  is  tho  two  Tariablo  resistances  (as  in  B  D,rig.  56).  Tho 
rcaistancci*  from  D  to  R  are  tho  branch  A,  Fig.  57,  and  bctweon 
C  and  E  tlio  branch  C,  tho  resistance  to  be  measured.  Tho  use* 
of  the  inHtrumODt  aro  tlio  same  as  that  to  be  next  dc«crthcd. 
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When  both  Inf.  pings  arc  io  place  the  inatrument  can  bo  unaA 
aa  A  direct  rmietAaco  througliout,  between  0  and  E. 

Fio.  53. 
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454.    Decihai.   OoMEiNEi)   Bkidoes.— Fig.  56  shows  such  an 
infltninieiit,  devised  upon  the  prindpliM  of  §  457.   The  lettering 


Tk.  Sfi. 


of  the  pftrtti  cotTPSponds  to  that  of  Fig.  51.  so  that  it  is  essy  (o 
traco  tho  connections  and  tho  manner  in  which  they  fulfil  the 
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eonditiouK  nf  tho  IiHcIec  ;  +  nod  —  aro  th«  liinditig  aorcws  for 
tlw  bfttt«ry  wiixM,  nna  thoir  cunacction  niiiy  Iki  traced  to  -f- 
within  tho  in!itnitn(;tit,  nnd  through  the  cimimututor  to  —  at 
the  other  L'tid,  tliuKo  Iwing  tho  points  at  wliioh  tbo  Tva\  brideo 
(the  dvrivvtl  oircnitK)  commflnoM.  B  nnd  D  uru  tho  twu  vari-iblo 
nautonoes  of  vocli  cirooit,  ono  of  which,  D,  ia  coiitiiiutHl  through 
a,b,e,d,  tho  nnBtftncu  mMSuro,  rangiu^  from  i  uhui  to  10,000 ; 
the  other  branoh  eow  direct  to  E,  nnd  is  then  contiimud  to  R, 
which  forms  with  —  tho  connections  for  tho  renistauco  to  be 
meoHurcd.  and  thiiB  constitutoit  the  foiirUi  branoh.  Tlio  iiu-utral 
points  E  F  ari>  connected  to  the  gnlvanomut^r  screws,  ono  direct, 
the  other  through  tho  commutuilor  to  17,  whiuh  with  E  is  the 
oonuection  for  tKo  gnlvnnomctor.  Tiio  inBtnimeiit  ia  sJiown  as 
ftmBgod  for  ordinary  nicnciirciooots,  as  though  nieaaurint;  a 
reBiHtADOo  of  I  ohm.  By  moans  of  the  inultiplyiu^  ratios  it 
would  moiuitirc  a  million  ohms  or  the  thouMindth  of  an  obm. 
It  may  nleo  bo  employed  as  a  direct  resistance  thruugh  R  and  — . 
It  might  bo  butter  to  divide  the  circles  into  1 1  [>aTta.  so  as  to 
make  eitch  wet  comnlcto  without  throwing  any  otben  iutoseriea. 
This  is  done  with  tno  single^hm  aot,  as  otherwiso  there  would 
always  be  simio  diffic-ulty  in  making  un  uvon  numbers,  and  there 
would  be  (  ohm  iihort  of  ro,oc».  im  convenience  in  iiso  it 
would  be  In.t tor  to  place  tho  bridge  oolla  B  D  at  the  other  end 
BO  aa  to  UH<!  ihi:  K-ft  hand  at  tho  commututor,  while  the  right 
made  tho  n-ciuixitu  chiingps  of  vesietunce.  It  wonld  bo  an 
(idvantuge  alwi  to  muko  openings  in  tho  wires  KB  and  —  3  in 
which  coiln  oould  bo  inserted,  adjusted  lo  balance  the  oouDCO- 
tiona  when  uainfl;  multiplying  ratios. 

4S5.  The  mode  of  eoiutruelion  ia  identical  in  principle  with 

that  deeoribL-d  |  417  ;  but  the  explanation  is  givco  here  how  to 

■  Imild  u]i  the  complutc  instrument  from  a  single  ataudaid  ohm, 

^where   the   maker  has   not  another   inntmment   to   copy.     A 

^  temporary  bridge,  such  as  is  descriljed,  i  450,  is  required,  and 

.  at  least  (our  exactly  similar  wirce,  as  conduetora  for  use  in  tho 

openings  A  C.     Two  similar  wires  should  be  aoldered  to  F  and  + 

'  within  the  instrument,  unless  mercury  oupa  or  binding  screws 

are  inserted  tlierL-,  us  these  nra  the  starting  points  of  tho  various 

[ TesiBtAnoos.      To  avoid  confusion  in  the  lettering,  dnring  the 

'Test  of  this  description  the  Ictturs  which  relate  to  the  temporary 

I  bridge  will  l)o  i-nuluBoil  in  bnit-kels. 

CouDect  the  battery  and  galvanometer  to  tho  bridge,  and 
fl  the  standard  (dim  in  (A)  with  two  long  wires  of  near  au 
.  reeiatanoe,  and  un  nearly  as  [loitsible  aliko  in  (BJ  and  (D) ; 
Lftnd  in  (0)  a  wire,  which  make  to  balance  the  oom.  Now 
F^iange  the  wiroa  (B)  and  (DJ  one  for  tho  other;   if  they 
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wi-re  exactly  alike  (A)  anil  (C)  should  Blill  balance;  if  tboy  do 
iiiit,  eliorU'n  onu  of  tlic  wires  (B  D)  till  balance  ia  again  pro- 
duced, and  ascertain  iho  exact  difference  of  length  noctseary  for 
the  purpose ;  sliortou  the  wire  by  half  this  length  and  readjust 
(C);  now,  if  caro  has  been  taken,  balance  will  bo  uudietiirbod 
wliwn  (BR)  are  again  exchaTigcd.  In  nil  cases  this  must  l>e 
oniiirea  before  any  reliance  can  bo  placeil  upon  meusnres  taken. 
Make  in  (C)  twd  exactly  similar  ohm  coils,  which  sboiild  bo 
terminated,  not  with  binding  Bcrewa,  but  with  No.  lo  copper 
wire,  to  go  into  the  screws  of  (B  D),  and  ascertain,  as  before,  by 
^txchanging,  that  ihey  are  exactly  equal,  as  on  this  will  depend 
the  accuracy  of  the  Lnalrniueut.  They  may  be  Incorrect  ohms  if 
it  so  happens,  but  thpy  muni  be  exaellg  alike. 

These  being  in  (B  D),  connect  the  standard  in  (A)  hy  two  of 
the  equul  wmilucting  wires,  and  by  two  others  connect  (C)  to  P 
and  ■+■  in  the  iustnimeat.  and  adjust  the  coil  of  D  t  tn  one 
(dim  exact,  inserting  the  shifting  connection  as  shown.  Then 
inxert  the  connecting  wires  from  (G)  in  o  and  i  of  a,  and  adjust 
the  first  ohm  cnil,  the  two  ends  of  which  arc  soldered  to  those 
connections.  If  mercury  cups  are  tiseJ,  this  ia  done  by  amalga- 
mating the  ends  of  the  conduetora,  and  dipping  thtm  into  the 
cups,  or  two  of  the  conducting  wires  can  liavu  plugs  on  one  end, 
if  plugs  are  used.  In  ihia  case  it  will  ho  dcsirabk-  lo  have 
holes  bored  in  the  segracnlal  blocks  (oorresjmnding  to  Fig,  45) 
farming  tho  ring  of  ooDnections,  by  which  to  make  direct 
oonneotioQ  to  eaSi  Beparate  coil.  ScrowB  may  afterwards  be 
passed  through  these  tioles  to  seeiiro  the  bloclra  to  the  top  of 
tie  instnunent.  If  other  connections  are  nsed,  a  copper  wire 
should  be  attached  to  each,  long  enough  to  be  conveniently 
attached  to  and  form  part  of  the  conductors.  Repeat  this  with 
each  of  the  ten  separatfl  uhma,  adjoating  them  one  by  one. 

Now  discoDueot  the  BtaDdatd  ohm  and  insert  tlie  two  wires 
from  (A)  in  a  o  —J  and  those  from  (C)  in  -j-  and  F  as  iK-fore, 
and  adjust  D  5.  Then  including  n  o  to  10  in  (A)  make  in  (C) 
two  approximate  10-ohm  coils.  Place  these  in  (B  D)  of  the 
bridge,  with  the  same  precautions  ae  before  of  exchanging  and 
equadizing  them,  and  make  a  correct  lo-ohm  ooil  for  use  in  (A) 
of  the  bridge.  Using  this  aw  the  standard  ohm  was  used,  go 
through  exactly  the  same  stages  aa  before,  and  so  adjust  D  to, 
6  I  to  10,  and  D  50.  When  thia  is  done,  a  and  6  together  will 
furnish  the  basis  for  a  ico-ohm  coil,  allowing  in  the  connecting 
wires  for  the  extra  resistance  of  the  fixed  connection  between  a 
and  b.  Go  through  the  same  process  with  c  and  d  till  the  whole 
10,000  olints  are  built  up  and  tnoso  of  D  completed  to  such  extent 
ia  desired.    The  coiU  of  B  may  bo  aleo  adjusted  at  the  same 
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tiin«,  uid  in  »  umiUr  mtinnor  with  tho«o  of  P,  liy  UBtnK  the  E 
uHinMition  )nKt<wI  of  F  ;  but  it  will  bo  nitich  VwtWr  tu  Dalanco 
ihcia  flirwt  liy  thn  inBtnimcnt  itsolf  Mgainst  tbijso  of  D  l>y  con* 
UL-oting  in  turn  in  K  —  tho  RtandArd,  lo,  tco,  nnd  looo  ohm, 
Coilit,  awl  opening  vqwA  ro«ifltuion  in  a.  b,  c,  rf.  The  (iioil  con- 
ni-ctioti^  »ti(iwn  in  tiiiclc  linoa  ue  MCiircd  to  tho  lowor  Ibro  of 
thft  lop,  AiiiJ  an  thi?y  form  the  oIohmI  circuit  of  no  (mcmBwrod)  rc- 
fliKtanoo  from  F  lo  —  ,thcy  should  bo  of  tho  stontPst  copper  con- 
v«nii;nt,  mich  as  Xo.  lO  dowhlod,  mt  thia  rMistanco  iw  n  Bonrco  of 
iiuiuciinuTy  with  miiUipIyine  ratio*-  Seo  ond  of  5  415.  Tho 
Bonnoction  bolwoon  It  nnd  K  i«  to  lio  nl«o  of  coppor,  iind  to 
exiMjtly  bftlanco  the  other  connection,  by  putting  F  —  (tho 
mornhlo  connections  being  all  on  o  of  each  nut)  in  (A)  of  the 
bridge  and  E  It  in  (C),  and  ndj««ting  tho  length  of  this  to 
bttlnncc.  This  should  be  dono  lii-for<i  iidjueting  the  coilu.  If  all 
ta  eom>ct,  with  i  ohm  in  U  and  —  and  one  in  B,  a  h  c  d  ought 
to  bftlunco  tho  ohm,  or  Buch  multiples  ae  D  is  Het  at  should  bft 
reipurc-il ;  which  last  is  nnlikely  to  !>©  exactly  ronliied  by  any 
not  well  prnctiscd  in  aiyiisting.  In  each  of  the  sets,  oara 
bJiouIO  lio  tfikcin  llini  any  lit.ili,'  n-siduitl  errors  bIioiiU  ho  alter- 
nately cjppdtiiti-,  KO  AH  t»  rectify  raeli  other  na  iho  resiatanoo 
increaaea,  instfad  of  Iho  rrror  necumnluting.  While  ndjuMting, 
the  grealost  cnro  mtirt  bo  taken  not  to  holil  the  wirc-i  in  thu 
hand,  or  to  expose  them  to  any  iinf-qiiiil  li<-iit ;  and  when  thnt  is 
nooeiiMtry,  as  in  soldering,  to  allow  them  to  cool  perfectly, 
olherwiw  tho  iwUtanco  will  ho  wrong. 

4j6.  In  nning  thia,  or,  indeed,  any  form  of  bridge.  It  is  detir- 
able  to  make  it  a  rule  to  alwayo  connect  the  battery  and 
galvaiiumeler  in  ono  way,  10  that  the  doflcclion  tells  at  once 
whetlier  the  rosistanco  is  too  great  or  too  Kmall.  When  exact 
balances  onnnot  be  attained,  ea  when  part  of  an  ohm  ia  required, 
ob«crA-o  the  opposite  deflections  pn>duoed  with  ton  (tmatl  or  too 
groat  rf-sistance ;  the  dt(ri.'rcncc  will  Hhow  how  much  to  allow. 

457.  The  SritUh  Artneiittion  Sridge  was  cEpeciiilly  devieed  for 
ftdjiisting  fltanilartl  ohmn.  It  ik  provided  with  a  length  of 
platinum  iridium  wire,  with  a  scalo  and  a  moving  clamp  which 
corresponds  to  tho  point  +  in  the  previona  figure.-,  and  by 
slightly  moving  it,  and  conecqnently  tho  length  of  wire  in 
the  branohca  A  0  effects  tho  purpoao  describud  for  correcting 
otToneons  wirea.  There  is  also  a  reversible  commutator  for 
changing  tho  relationa  of  C  D,  and  true  btktnncc  is  attained  when 
this  rovorsal  produces  no  effect  on  tho  galvanometer.  There 
are  a  variety  of  forma  devised  for  different  purpoaea,  but  the 
principle  is  alike  in  all, 

4j8.  Ooniiemeri  may  bo  used  instead  of  reBistancoa  in  the 
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biancliefl,  and  «n  electrometer  in  place  of  tho  galvanometer,  for 
naeosiirine  capacities. 

A  telephone  mny  be  WBcd  inetead  of  »  galvanometer,  provided 
either  that  intermittent  currents  are  paSBing  in  the  liranche§, 
i>r  a  break  to  produce  intermittonco  is  inserted  in  tho  galvano- 
meter circuit. 

459.  VaTiabU  Retistanee*  are  useful  in  operations  where  i-ithor 
a  definite  current  is  needed,  or  very  gradual  changes  have  to  bo 
made.  For  such  purposes  tho  old  rheoBtats,  S  4)4.  a*^  ftill 
nseful,  but  they  have  tho  defect  of  causing  irregnlar  jumps; 
two  wires  can  be  rtretchetl  parallel  to  each  other,  with  a  sliding 
oontact-pieoe  connecting  tnem,  but  this  also  gives  irregular 
contacts;  either  of  the  fallowing  plans  giveo  a  very  steady 
action, 

(a)  A  strip  of  wood  has  two  V  V  grooves  cut  along  it,  an  in 
tho  suggested  ohm,  g  421,  which  contain  mercury,  the  one  pair 
of  ends  fitted  with  oonnoctiona,  and  a  sliding  bridge  of  copi«r 
wire  joining  the  two  grooves  at  any  desired  point. 

(I)  Two  glnss  tnbes  are  mounted  vertically  upon  a  stand, 
their  lower  ends  containing  copper  rods  attached  to  connecting 
screws :  two  oti'aight  copper  wires  hang  in  the  lubea,  their 
upper  ends  being  nolidly  connectod  together,  and  fillod  with  a 
cord  pas&iug  over  a  pnlloy  U|>on  a  frame  double  the  height  of 
tho  tubes ;  the  tubes  being  filled  with  mercury,  the  raising  of 
tho  wires  alters  the  rt-siatauce  gradually. 

Tho  wires  should  be  well  varnished  all  over  orcept  at  the 
onds,  which  shonld  be  amalgamated ;  carbon  rods  can  be  used 
inittcad  of  metal  wires,  and  a  series  of  such  pairs  of  tubes  fitted 
iiptpn  a  stand  will  give  any  convenient  range  by  proper 
Selection  of  size  and  material. 

If  draircd,  scales  can  be  placed  behiod  the  wires,  and  the 
value  of  tho  elevations  marked  upon  thorn. 

This  plan  may  even  be  extended  to  considerable  reeistancee, 
by  tiaing  tubes  containing  sulphate  of  oopper  and  ullo^iiig 
olcctrolyais  to  occur  from  the  wire  ends ;  but  in  this  case  tho 
current  should  be  frequently  reversed.  A  similar  vaiiable 
rc*Istanco  can  be  made  with  a  long  trough  of  copper  eoluliuo 
with  a  plate  filed  at  one  end,  and  another  movable  along  tho 
length. 

460.  Vera  high  retitlancea  can  bo  obtained  by  the  method  of 
Mr.  S.  E.  i'hillips :  a  piece  of  very  finely  gi-ouud  glass  has  a 
continuous  line  drawn  upon  it  as  a  spiral  or  ziz-zag,  with  a 
good  bUok  lead  peooil :  the  terminals  can  be  clamped  to  it, 
]irofcrftbIy  by  holee  drilled  in  tbe  glass,  and  the  surface  vat- 
sishod. 
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I  Itnve  matio  bigb  resistaaooa  of  k  lower  raiifjo  b;  Bocurint; 
till  foil,  fiiKt  on  tbick  paper  and  Uion  on  ebonite,  aiid  cutting, 
out  u  Hpintl  or  xis-iag  liut>,  «»  aa  to  leave  only  a  continuoua  line 
of  ibe  f»il  of  itaob  a  wiiltk  aa  auita  tbe  purpoao,  and  Tumiabing 
tbo  wliiilo  whou  quiie  dry  with  ahellao. 

Pn>Iiiibly  a  uwiiul  reajatanoo  might  be  made  by  drawing  such 
line*  upon  f^aaei  or  cboiiito  with  gold  Hi;c«.  and  then  applying 
gold  ieaf  orDutcb  metal,  in  l!io  usual  way  of  gilding. 

461.  Black  lead  aiid  othi-r  furma  of  carbon  have  tbc  advaiitago 
tbat  they  diaiigo  reaiat&uoe  by  temiKTature  in  tbo  ogijxxtito 
way  tu  mctiU;  it  la  lh«reforu  poaaible  to  produce  reaiatuiiccs 
nearly  utiubAngouble  by  temperature,  by  coinbiniug  a  carbon 
reaiatanoo  with  cjuu  of  mt^tu),  in  tiuch  pn>|)ortiiin  lui  to  nearly 
bulancti  tuich  other  tn  this  reapeot. 

461.  Evun  the  ootnmoD  black  lead  pencil  will  produce  reiy 
«OiiTcniunt  rc-niiitanoai ;  the  endii  abould  be  cut  as  if  for  ueo  ne 
pencilii,  thc-ii  tiouktHl  with  vaniiah  and  covered  with  koM  ktif 
arm  which  a  xvire  is  acuure'd  in  good  contact,  and  Uio  point 
of  tbe  peuriil  tubbed  away  to  expouo  tbe  black  lead  in  close 
contact  wilU  Iho  gold  leaf;  a  coating  of  copper  bong  deposited 
maki-aa  secure  end  and  good  connection,  ana  a  length  of  German 
ailver  wire  can  be  wonod  on  tho  pencils  for  the  purpoao  of 
balancing  variation  ;  of  course  theAo  are  not  oaay  of  adjustment 
as  the  quality  and  resistance  vary  a  good  deal ;  but  thoy  may 
lie  useful  for  many  jiurpoaes.  1  have  made  several  giving  from 
30  lu  40  ohms  roaiatanco. 
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CHAPTER  VI. 

COBBKST. 

4S).  A  sketch  of  tho  general  principles  of  onrrent  oloctrioity 
is  given  SS  16S-17J  and  in  8S  416-42^,  to  bo  fully  worked  out 
under  tlio  diffurfmt  heads  of  lorce,  Coniluiitioti,  and  C'uiTent. 
It  ifi  better  ti>  reverse  this  order  m  exuwining  Iheso  detdila, 
iH'CaHse  Current  deals  with  actual  tangible  fucte  in  nature, 
whilo  the  olliers  are  matters  of  calciilution.  Current,  in  oleo- 
tritity,  as  with  wat«r,  means  the  rate  of  pussageof  unit  quantity 
«oros9  any  nuotioM  of  the  conductor :  its  most  ile6nite  evidenoa 
and  meaauro  iii  tho  chomical  action  producud  (i  169),  wbioh 
will  bo  dealt  with  iu  the  Chapter  on  Electrolyaia. 

464,  The  term  "  current "  is  derived  from  the  oM  fluid  notions, 
aua  originally  convevcd  tho  idva  that  tliorowaa  an  actual  trans- 
mission of  the  fluid  along  n  conductor,  corresi>onding  to  tho 
flow  of  liquid  in  a  pipe.  This  idea  ha*  beon  auporsedud,  but  is 
not  yet  dofinitoly  rojilacod,  because  we  do  not  really  know 
what  is  tho  mode  of  aotiun.  It  appears  that  the  most  prubiiblc 
is  a  rotation  of  the  moleouli-s  of  matter  without  change  of  placo 
that  tho  quantity  or  rate  of  current  means  tho  number  of  such 
molecular  rotations  occurring  at  a  cross  section  of  the  circuit,  and 
that  this  again  may  he  related  to  either,  (1)  the  number  of 
molecular  lines,  SS  15  and  39 1,  along  which  action  oocurs;  or 
(a)  tlio  rate  of  rotation  occurring  in  each  suoh  Hue:  each  rofa- 
tiou  implying  a  unit  of  (poeeiblc)  chemical  action  within  thi> 
conductive  circuit,  uiid  aunit  magnetic  action  around  tJio  circuit 
as  well  as  a  static  electric  strees  iq  the  inductive  field ;  tho  two 
latter  absorbing  energy  at  tho  oommcncemcnt  of  a  ourrctit, 
whieli  it  returns  when  the  current  ooasea,  but  in  no  way  in- 
fluencini;  tho  current  while  it  remains  steady. 

4C5.  That  some  such  action  occurs  where  curront  traverses  an 
electrolyte  is  pretty  certain,  hccausc,  as  Iho  two  halves  of  tho 
eltotrolyto  appoar  separately  at  tbo  electrodes,  it  is  evident  tioniA 
action  must  occur  in  the  body  of  th«  liquid  which  enables  tbem 
to  bo  separated, 
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Such  an  ootioQ  may  bo  roprosented  thus — 
1234 
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jZu  Zn  SO,  IIj  SO^  Cii  Cu  Cu  0«  Cu] 
[Zn  Zn  SO,  11,  SO,  Cu  Cu  Cu  Cu  Cuj 


Lu    the  uppor   TOW,  bracketti    1-5  (Jtow    the  muleouW  of  tho 

ttiliittauct?a,  ■  being  tho  xina  aurfuce,  4  the  copjnu-  et&utrodo  of  a 

IJaiiiull  oeil,  aud  5  tho  couduotiiig  wire :    tliu  lower  brackets 

•how  the  new  iiioleoulea  formed  by  oue  chemical  reai^tiou  which 

impulii  energy  (an  ex)ilaiu<;d  iu  Chapter  on    EMF)  into  xh» 

lar  liiiu  §  J91,  producing  a  rotation  along  tho  whulu  of  that 

ae,  which  la  "current,"  aud  trauHinilting  energy  as  a  lino  of 

Lihafting  or   a    rcw  of  wheels  would.     Tuiii  is  tke  electrolytio 

^totion  :  the  lower  Hue  ia  to  iudicate  tJiat  tlie  sauio  idort  may  bo 

applied  to  metallic  conductors  if  wo  conceivo  tho  termiunl  atoms 

ol  two  linoB  lo  unite  together  to  form  fresh  uiolcinilefi,  instead  of] 

i-lieooming  five  as  in  electrolyals.    This  oouoeption  covera  all  tli«J 

'  &ota  of  current,  and    explaiun    au    apparent    trannniimuoD    of 

'  matter  with  a  real  truiisniisKiun  of  energy ;    an  apparent  Telocity 

'vitliout  longitudinal  motion  of  matter;  and  tlie  generation  of 

i.lieat  in  the  ratio  of  tlio  "aijuaro  of  current"  or  of  Uio  mtu  of 

f 'dotation. 

465.  A  now  doctrine  is  becoming  faabionablo  of  Into  yoan, 
idOTiKod  diivlly  in  order  to  bring  tho  now  important  phenomena 
[of  altoniating  currents  under  the  mathomutical  sj'stem.  It  is 
^purely  imaginary  {iioeS  {30},  baaed  upon  CI erk-Max well's  elect ro- 
tinagnetio  Uicory  of  light,  itself  correctly  describod  by  a  favour- 
[  able  roviuwvr  as  "  a  during  HtrolEO  of  scientific  speculation," 
fftllocod  to  Ito  proved  by  tho  vory  little  undorHtood  oxperimcnts 
I  of  Ilortz,  rind  Hnpnurted  by  a  host  of  osHuinptious  ikud  ussertions 
I  for  which  no  kind  of  evideuC"  is  offered  ;  but  it*  udvucalea  now  ' 
I  cull  it  the  "  orthodox  "  theory. 

This  theory  separates  the  two  Eaetora  of  eleotrioity  SS  19-3I1 
[and  iK'clumsthjit  tho  "current,"  the  material  iictinn,  ia  carriod  by 
.tho  "so  c«lled-oonductor "  (which  aeeonling  to  l>r.  Lodge  con- 
wduots  nothing,  not  oven  an  imptdjio,  and  a^eordinc  to  Sir. 
'  0.  HeaTiside  la  to  be  regardoil  ratlicr  as  an  ohMtniotor),  but  tho 
OnoTgv  leaves  tho  "sourco"  (battery  or  dynamo)  "radiant  in 
exactly  tho  same  SCDBO  KB  light  is  nnliaiit>"  according  tol'rofeaeor 


Silvantis  P,  TfaomnoD,  and  ia  carriod  in  space  by  tho  other : 
that  it  then  "swirls"  round  (caoso  for  euch  swirling  no  oue 
explains)  aud  fiuds  its  way  to  tho  oouductor  in  which  it  ti^i^ 
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proJuoes  tho  CHrrent  wliiob  in  apjiarontly  merely  Rn  af^ncy  for 
clearing  tbo  ether  of  energy  wliich  lendB  to  "chuko"  it,  while 
the  conductor  servcB  no  other  purpose  than  that  of  a  "  waste 
pipe  "  to  get  rill  of  thijs  energy. 

467,  Theonly  tittle  of  evidence  offered  is  the  fact  that  energy 
is  triinsiiiitled  (bnt  only  ns  streescs)  during  tho  variablo  period 
of  tbo  commence  me  lit  of  g,  current.  But  it  ie  a  known  fact, 
&nd  admitted  l>y  nil,  that  no  one  hns  l>eou  able  to  discover  any 
single  trace  of  any  Jtction  in  space  during  tbo  contioitation  of 
steady  current.  Even  the  known  coses  of  siiob  transfer  are  only 
BiomeDtary,  while  conditions  of  etrees  «ro  being  prodnood  :  in 
no  single  case  is  there  any  evidence  of  its  possing  from  tha 
"Bource"  to  work,  it  is  always  found  to  proceed  from  the  cou- 
dnctor,  often  many  miles  from  the  source,  and  tho  agency  is 
always  tho  lines  of  stress  of  magnetic  force  or  of  static  induction, 
tho  former  of  which  depends  upon  the  number  of  turns  made  by 
tho  conductor  (tbo  ampere -turns),  and  tho  latter  can  be  traced 
only  belween  separate  parts  of  the  conductor  as  difference  of 
potential.  On  the  other  hand,  during  steady  current  we  havo 
every  evidence  that  the  energy  of  tlio  source  is  wholly  con* 
tuiniid  in  the  conductor,  and  istmes  from  it  eitlier  as  heat  pro* 
])ortioiied  to  the  reaintauce,  or  oa  work  done  by  mechanism, 
which  is  also  measurable  as  reeistanoe. 

468.  This  much,  however,  is  certain  ;  that  if  the  "  ether  "  or 
medium,  or  dielectrics  carry  the  onergj-,  the  practical  eleo- 
triciau  must  not  imagine  he  can  get  nature  to  do  his  work  for 
him ;  the  elhor,  &o.,  play  no  part  whatever  in  tho  calculations 
he  baa  to  make ;  ivhotber  copper  wire  is  a  conductor  or  a  waata 
pipo.  that  is  what  be  has  to  provide  in  quantity  and  quality  to 
do  the  work;  if  nulla  perclia.  Ac,  really  cany  the  energy,  ho 
need  not  tiouble  about  providing/w  that  purpose;  he  must  see 
to  it  that  he  provides  it  according  to  the  belief  that  it  prevents 
lotw  of  current.  In  other  worda.  let  theoretical  mathcmatioinnH 
deri«e  what  new  theories  they  jdease,  the  practical  ekctrieian 
must  work  upon  the  old  theory  that  the  conductor  does  his 
work  aud  the  insulation  prevents  its  beiu^  wasted.  Ohm's  law 
(based  on  the  old  theory)  is  still  his  safe  guide. 

For  this  reason  1  would  urge  all  practical  electricians,  and 
all  students  who  deairo  to  gain  a  clear  conception  of  the  actual 
operations  of  electricity,  to  dismiss  from  their  minds  the  new 
unproved  hj'pothcaes  about  tho  ether  and  tho  abstract  theory 
of  conduction,  and  to  completely  maBt«r  the  old,  tho  pracUcu, 
and  common  senee  theory  which  links  matter  ana  energy 
together,  and  whioh  agrees  with  all  the  related  knowledge 
ir«  poBec«8  of  chemistry  and  mechanics.     Until  some  real  evi- 
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denoe  ia  oS^rod,  no  matter  wlutt  eminent  mea  40oent  Uicso  new 
notions,  they  are  no  mora  than  mat»ielieee  Jmomedge — dratte 
upon  tlii3  ireusuiy  uf  Rc^ience,  with  no  aaseta  to  meet  tbem. 

469.  Ijet  us  uow  coueiilcr  the  eaaentlU  facta  of  which  we  most 
take  aooount  in  order  to  uudurvtaud  what  goes  on  in  the  circuit. 
We  have— 

(a)  CorrtTtit',  L-quiiI  ut  every  crotie  section  of  the  oirouit  (when 
once  fully  vatjihlidhed),  iuoludiug  the  source:  this  is  not  trans- 
formed into  work,  or  diminished,  ouce  set  up,  by  any  of  its 

j  actions.     This  in  admittedly  a  phenomenon  of  the  conductive 

I  circuit  (see  p.  66). 

(b)  Magnfiium  existing  in  dosed  rings  in  and  around  the  con- 
ductor; etjtml  in  «very  part  of  circuit  in  like  conditions;  pro- 
portionate U)  the  i!iiri«nt.  and  to  lie  numlier  of  turns  of  t!ia 
conductor ;  conlrolk-d  also  by  the  magnektnce  or  permeance  of  the 
matlor  iufliiem*d, 

(c)  Chemifal  fundhna  proportioned  exactly  to  the  current, 
and  relatod  to  tlie  molecular  structure  of  the  electroljtes  which 
form  part  of  the  oonductivo  circuit. 

(d)  Ohemieal  energg  related  sololy  to  the  chemical  affinities  of 
thu  tfubnttkocea  the  current  truvcls  by  and  acta  upon :  that  is  to 
say,  to  tho  nature  and  structuro  of  matter. 

(e)  Heat  developed  in  tho  conductor,  proportioned  to  tho 
"  roaJstanoo  "  (or  non-conduclanco)  of  the  several  material  sub- 
Btanooa  which  form  the  circuit ;  that  is,  to  the  nature  of  matter : 
pro[)orCionod  also  to  the  square  of  tho  current,  in  perfect  analogy 
with  all  cases  of  Telocily  in  mechanical  friction,  aocording  to  ■ 
tho  practical  theory.    Aooording  to  the  "abstract"  hypothcsia,     fl 

^^K  It  iaa  pure  waste  of  energy  to  relieve  the  medium,  and  pro-  ■ 

^^M  duo*  the  current  as  a  mode  of  dissipating  energy  uselessly.  I 

^^B         {/)  Static  devlrie  ttre**  or  charge  utibido  tn«  conductor  pro-  I 

H^  portiunird  t»  tin:  "  voltngc  "  or  E  AI  F  ut  each  part  of  the  con*  f 
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unctor,  and  specially  related  to  the  nature  of  the  surrounding 
dl^ectrio,  that  is,  to  tlie  propertius  and  ntructure  of  matter 

(if)  Blrclrie  prtstnre,  or  atrats,  within  and  around  the  con- 
ductor, butwctiti  any  two  of  its  parts:  pro|K>rtionul  tu  the  E  M  F 
or  difference  of  putuntial;  to  the  intarveuinK  resistance  of  the 
Gondnotor;  and  mtMisured  by  the  slope  or  fall  of  potential ;  thia 
is  independent  uf  the  iiuturu  of  the  surroundtiig  di-c-lectrio.  but 
is  tlie  measure  of  the  energy  expended  in  each  jioitiou  of  Uio 
ciiouit. 

470.  It  will  he  noted  that  tlie  structure  and  nature  of  different 
forms  of  matter  play  a  prominent  part  in  most  of  these  fuuotioiis ; 
but  the  prop(>rtii?s  of  "  ether  "  have  nothing  to  do  willi  any  of 
them,  exoupt  on  the  [)Uic  uesumptioii  (for  no  one  erer  tii»t«A  t» 
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ovor  can  ioet  other  iladO  tliat  tliis  wonOorful  Buhatancc  ■«  n 
di-eloctric,  and  posBeaees  unit  capacity:  this  may  be,  or  may 
not  be;  it  is  »  moro  matter  of  gnesa,  or  of  ne^nmptiou,  for  tho 
convonienco  of  mathematical  operations,  to  which  actual  truth 
niattere  nothing  if  tlie  luwuniptiom  enablos  a  theory  to  b© 
worked  out. 


Frr,.  67. 
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471.  Fig.  57  is  ititomleil  (o  exhibit  tho  properties  of  Iho 
circuit,  on  the  "practJcul"  theory.  S  reprcsenta  the  "aouroe" 
n»  a  tnrbino,  for  B&ke  of  tho  bytfmnlio  analogy  ;  tho  arrows  et 
show  energy  snppHed  from  without  in  thu  cam  of  n  steam- 
driren  dyntiino.  but  from  within  iu  lie  owe  of  a  Ijattcry ;  the 
oentral  arrow  is  tho  itxtinl  symbol  of  ciirront,  while  tlio  fotir 
internal  arrows  ronresont  enorgy  issuing  from  the  sourcv  in 
both  directions  in  the  circuit,  lusfiict  require*  f boo  S  121). 

472.  The  student  \avK\*  with  many  diiUciiltieK,  and  tlie 
practicnl  man  is  Mihjcctcd  to  many  misapprvhcnvions,  because 
tho  tcrmM  niied  havo  altogotbor  aliered  in  meaning  of  lato 
Teare.  and  do  not.  ocmvey  tlio  Mimo  sentw  iw  tho  eniuo  wordn 
Lave  in  their  ordinary  mbo.  In  tho  older  works  on  Electridty 
"  quantity  "  and  "  intcMwty  "  currents  were  spoken  of,  and  even 
now  wo  occBsionally  meet  with  tho  unmenning  words  —  the 
**teD«ion"  of  u  current;  all  terms  giTing  the  impression  of 
aome  difTcrrnco  of  nature  in  currents  atd  mislosding.  Current, 
BB  such,  has  only  one  quality,  its  rnte:  a  given  onrroni,  that  is 
ono  which  will  produce  a  certain  dc^ficclion  in  a  particular 
galvanometer,  or  will  dcpoHit  a  ci^rtnin  wcij^lit  of  metal  from 
a  solution,  is  exoclly  the  KUniu  in  its  nature  and  properties, 
vhotbor  it  comes  from  a  large  or  small  cell,  from  a  single  cell 
or  from  a  thousand  cells  in  atries.  But  tho  same  cnrt^nt  may 
have  different  effects aocordinf;  to  its  densily,  that  isaccording  to 
its  mtio  to  the  sectional  area  of  the  conductor,  or  its  quantity 
per  unit  of  area :  tliis  inflnenoea  the  temperature  generated  in 
wires,  and  is  of  supreme  importanoe  in  electrolyaia.    The  tenn 
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intentitg  of  curretii  ifl  explained  $  403,  but  some  wrUo™,  nnxioiiB 
apparanllj  to  aild  In  tho  oonfusion  of  terms,  have  Mod  this 
alroady  misapplied  term  in  the  aame  eenso  aa  "density  of 
current "  ia  uaiid  liore. 

475.  CosDUcTios.  —  Ohm's  lawK  or  fonniilm  are  universally 
employed  by  electricians,  but  are  not  conliiiud  to  electricity,  for  , 
if  exauinoil  tliey  will  lie  fuimd  ta  vxpresB  tlie  oommou  funda- 
mcutikl  inechanicul  lan-x.  The  rclutlotis  catabliahed  by  Ohm's 
laws  lictwL'cn  clectixini olive  force,  rt-aiHtunce,  and  the  current 
and  its  work,  are  siiapU-  tho  wt-ll  kuowii  lawB  of  meohauics  or 
the  rehiliijDB  between  force,  aiich  :is  gravity,  weiKht,  and  velo- 
city ;  ttixl  (he  formiilte  arc  merely  mathematical  oxpruHsiocs. 
Invalmil)!*;  in  dealing  with  the  modi-s  of  Djicriition,  tliey  only 
delude  UH  if  we  regaixl  them  as  facttt,  and  do  not  clearly  trace 
onl  the  reasons  why  they  are  valuiiblc.  Tho  imjjorianco  of 
Uieso  coiinderationa  will  bo  evident  if  wo  uloarly  see  that,  in 
oouBoqueiico  of  miBiindorstjinding  this,  and  by  converting 
inatht-muticul  formula;,  which  uiu  nothing  but  mental  t»ol8 
(apparatus  for  mechatiicul  thinking  in  Bomu  sense},  into  actual 
&ota  and  theorica,  electricians  have  actually  been  led  into  great 
errors  as  to  tlie  nature  of  tlie  eleotrio  constants. 

Speaking  of  tlie  jHumlbility  of  utilising  natural  forces,  such 
M  watorblhtat  adislAnco,  that  eminent  practical  and  theoretical 
electrician,  the  late  Sir  W.  Sicmuns,  once  uid — "  My  critics 
bare,  luiwcvcr,  fallen  into  the  error  of  orurlooking  the  fact 
that  luilf  a  unit  FCHtatanco  in  the  name  for  a  circuit  capable  of 
working  one  himp  um  il  in  fur  working  100  or  1000  lamps. 
Electrieily  it  not  eimdadctl  upon  Iht  eondilioa*  appertaining  to  a 
pipe  eotttei/inif  a  ponderable  Jiaid,  the  resiitance  of  wliich  iii- 
cncascs  with  the  sqiiaiw  of  the  velocity  of  How.  It  is,  on  tha 
contrary,  a  matt«r  of  indifference  what  amount  of  energy  is 
transmitted  thiougb  an  cK-ctric  conductor;  the  only  limit  ia 
imp<i80(l  by  tlie  fact  that,  in  transmitting  electric  energy,  tho 
conductor  itself  retains  a  certain  amount  proportional  to  the 
transmitted,  which  makes  it«  appearance  therein  in  tb«  form  of 
licat."  Wo  have  here  two  distinct  statements — 1st,  that  in 
electricity  a  rasiatance  is  the  same  to  all  currents  transmitted; 
and,  the  sentenoe  italicised,  that  currents  of  electricity  and 
currents  of  water  depend  on  different  laws.  Sir  W.  Armstrong 
also  said  "  in  the  case  of  a  fluid  current  through  a  pipe,  the 
resistance  to  tho  flow  increases  as  tho  square  ot  the  velocity, 
wliilo  iu  the  caae  of  an  eleotrio  current  through  a  given  con- 
ductor it  is  a  ooualant  proportion  of  th«  energy  transmitted.  Bo 
far  therefore  as  nininianco  is  ooucemed,  electricity  has  a  great 
advitiitage  over  water  for  tho  truinaisuoii  of  power,"     ^-Ix^vwyA. 
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clcctriciaDB  iio  not  now  fall  into  tbis  error,  but  KtuiJcnts  ar« 
iilmost  uuiireranlly  dolndcd  atid  puszlod  by  the  fact  tliat  the 
term  "  reaiataiici^i  "  has  in  clcctriciiy  a  moaning  wholly  differemt 
froin  tliat  which  it  i>ears  in  mechanics  and  in  oidiiiary  taD^nage. 
Even  yet  eminent  electricians  will  assert  that  the  conduction  of 
oleolricity  and  water  is  different,  in  principle  and  law;  but  tho 
direct  result  of  the  prinoiplcs  now  to  bo  invcstigiik'd  will  bo  to 
nroro  thiit  walcr  in  pipes  and  cteflricxti/  in  vlrei  aii:  conilticlcd  upon 
idenlicnt  ronditiont,  though  by  altogother  different  processes. 

E 

474.  Ohm's  Laws. — The  fundamental  expreasiuu  in  j>  =  C, 

forco  (more  correctly  "  polential ")  divided  by  roaistance  definefl 
tho  current. 

It  fuUows  that  any  two  of  the  olements,  E,  R,  and  0,  being 
known,  we  can  calcuUle  the  third,  using  tlie  proper  units. 

Current.     E  -r-  K  ^^  C.     Force  and  resistauco  being  known. 

Etcclromolive  Force.  C  X  K  =  E.  Current  and  roeiiitance 
beiug  known. 

Retintanee.  E  -H  C  =  E.  Thus,  with  any  cells  tJio  E  of 
which  18  known  in  voile,  dividing  by  tho  current  in  amperoH, 
gives  the  totiil  renistiineo  in  ohms  ;  and  deducting  the  external 
ii  wo  g«t  Ihu  internal  i^esiBtance  of  tho  battery. 

Eneriji)  =  C,  tho  sijuarc  of  cnrronl,  in  unit,  or  unaltored  Con- 
ductor, or  C  X   R  as  a  general  law  (see  S  42C). 

It  will  be  seen  ibat  C  atid  U  are  each  ilio  leciprocul  of  each 
iillicr  multiplied  bv  E :  that  is  to  say  that  It  anu  C  limit  each 
other  under  any  given  conditions  of  E. 

475.  Thu  usual  expruwiion  of  tho  meaning  of  the  formula  is, 
Oi/rren(  is  os  the  Farce  and  invrrtelt/  a*  the  Iteiutancc.  lu  order  to 
fix  the  luiiid  ujiou  the  ideas  I  winh  to  di-velop,  I  (jive  ihis  modified 
definition.  Current  U  as  the  E  M  F  (whidi  is  polmtiat,  §  91)  and 
(U  (A"  conducting  capacitt/.  That  which  in  the  usual  expresaioD 
is  called  ratiilance,  in  simply  iJio  reciprocal  of  the  conducting 
capadiij  of  tho  circuit,  now  commonly  called  tlie  "  couductaucix" 

476.  According  to  these  relatioiiit,  G  variea  as  E,  but  enorgj% 
SB  work  or  heat,  which  are  the  true  renistance,  varies  as  E*,  that  w 
aatho  eijuare  of  either  0  tho  current,  or  E  the  EMF  in  unit  or 
any  unaltered  ConduGtor,  and  also  as  the  so-called  resistance, 
that  is.  it  is  inversely  as  the  "oonductanoe."  This  is  the  ordinary 
law  of  mechanics,  say  iii  friction,  where  work  absorbed  is  aa  tho 
square  of  vi.'lm.'ity,  and  as  some  other  element,  such  as  weight. 

477.  The  timt  poiut  as  to  which  a  clear  underataudiug  is 
nocfiotary,  is  whetner  those  symbols  E,  It,  and  C  have  any  reali- 
ties boliiiid  lliem.  Do  Ihoy  roprosont  facte, and  if  so,  what  facts? 
Or  are  Ihey  merely  matheiuatioal  expressions,  simple  tools  of 
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.onEhi?  If  tlio  Utter,  wc  must  carefully  avoid  tho  error  of 
mutMcing  them  fur  fxcta,  lest,  like  tlio  iitoQtttcr  Friinkuiistoin, 
thoj  provo  too  mudi  for  their  orca ton.  It  will  Ix;  murv  convo- 
niunt  to  einmino  thin  while  stuilyiiig  Ohm's  furaiulaaa  a  whole, 
than  to  trnit  oaclt  liend  singly  in  ita  Bejiarali*  obapter. 

478.  Elcclromolkis  Force. — la  tho  E  M  F  which  wo  eyiuboliio 
\}y  E,  a/irree  t  IiOt  us  soo  what  idea  we  can  form  of  it.  An 
Agoncy  tending  to  set  electricity  in  motion,  or  to  ael  up  tlmt 

otion  which  wu  eall  eleotiioily.  Herii  it  will  lie  eoeu  wo  Imvo 
two  00ns ide rat i<])itt ;  an  elTect,  the  tiiotiuu  produced  ;  a  cuiiso, 
the  force  producing  the  motion.  Of  the«e  tlio  first  Im  of  necessity 
an  ftotiial  fuot,  thoU(;;h  we  may  hold  different  idous  as  to  what 
IB  tlie  thing.  Sut  Ao&i  rhe  coum  exist,  as  a  B|>ecial  force  ?  There 
are  actual  force*  having  real  existence,  audi  as  the  various 
attractiouB  of  whiub  we  may  take  graviiatiou  as  the  tyjie :  theeo 
nre,  so  to  speak,  self-existeut — we  know  not  their  causes.  But 
there  ara  otheragencios  which  wo  call  forocfl,  yet  which  have  no 
aotual  esistenoe.  They  are  trans  format  ions  of  enei^y,  and  are 
foroos  only  in  the  matheiuattcal  eenee. 

479.  Devehpmeixt  of  E  St  F. — Wheu  wo  dissolve  ziao  in  a 
battery  this  force  makes  its  appearance,  S  164.  It  !s  said  hy 
■omo  to  be  due  to  the  contact  of  the  two  dissimilar  nieUitK. 
But  one  thing  is  certain,  this  force  can  do  no  work  unless  it  is 
maintiined  by  an  equivalent  supply  of  enor^,  and,  as  a  matter 
of  laot  oauly  proved,  the  degi^ee  of  electromotive  force  produced 
is  measUTable  in  terms  of  tlie  energy  transformed,  set  freo  in 
the  chemical  comUuatiou. 

But  if  »ve  expose  the  junctions  of  two  dilferent  motals  to 
heat,  we  find  electi'omotivo  force  sot  up  in  de^retis  dujxjnding 
(i)  upon  some  inhorcut  property  of  tho  metals,  and  (l)  upon 
tho  difference  of  temperature  proAucoil,  which  means  in  fact  tho 
(juantity  of  energy  which  mn  ho  thrown  into  tho  circuit. 

Similar  results  are  found  when  wo  cxamino  tho  BMP  sot 
up  by  dj'nanio  miichintm.  It  bears  a  definite  relation  to  the 
onorgy  oxponded.  Wo  liml  also  that  tliough  electromotive  fores 
ta  conetAntly  acting  upon  tlio  circuit,  it  has  no  aocelerating 
action.  Wo  thoreforo  oonohido  that  it  ha»  no  acttuil  existenoe, 
bat  is  duo  to  GODvuriiion  of  cnorgv,  and  that  it  must  iu  somft 
way  bo  equivalent  to  tho  enorgy  wbich  it  expresses. 

ThoeiFoct  of  the  idea*  about  to  boprceoDt«d  is  that  BMF  (or 
potential)  is  an  oxproasion  for  a  meaeure  of  tho  effort  of  energy 
to  booome  kinotic  under  special  comlitions  of  the  moleouhtr 
Btnictuto  of  tho  matter  with  which  it  is  associated  ;  this  effort 
is  manifentcd  a«  "  electric  prcssnro  "  measared  in  volts. 

480.  All/  agenry  iii«y  be  catltd  a  force  wMtth  \ft  «;:i:^^%  <A 
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suiting  up  motfOB,  or  altcriug  the  conditions  of  motion  in  % 
xaaaa  of  matter.  Thna,  tf  wti  take  a  ball  of  luud  and  let  it  fall, 
motion  is  imparted  to  it  hy  gravitittion.  Wu  rony  push  the 
Bune  ball  of  lead  along  u  tnbla,  or  by  muGciiliir  enorgy  hurl  it 
to  a  distance;  wo  tuny  strike  it,  au  a  cricket  ball  is  put  ia 
motion,  by  a  percussive  bluw  ;  or  wo  may,  liy  iiid  of  n  gun,  eet 
it  iu  motion  by  niuane  of  oompruSGod  air  or  by  tbe  explosion  of 
gunpowder.  In  all  thuse  cases  motion  is  produced,  and  ve 
may  call  tlio  agency  iu  each  case  a  "  foro;." 

481,  Mechanieo^Jnolwe  Force. — Wo  may  embody  all  thosd  in 
one  oxprcBBttin,  and  say  they  are  due  to  a  "  mochanico-motivo 
force."  the  intensity  of  which  can  be  measured  by  its  capacity  to 
produce  momentum.  Of  course  the  object  of  this  term  is  to 
obtain  an  oxnct  mechanical  connterrurt  to  thocloctric  exprea- 
BJon,  but  this  term,  or  eomething  liko  it,  has  actually  been 
employed  in  mechanics.  We  have  then  to  boo  whether  this 
mechanical  analogue  is  a  force, or  what  is  its  true  meaning. 

48J.  Slaiie  ami  Dynnmic  Force, — -There  are  two  ways  of  treat- 
ing and  measuring  a  '•  force."  (i)  By  tbe  pretnure  it  produces. 
Tills  is  a  static  action,  and  it  meuenics a  force  as  a  dt^ree.  not  as 
quantity.  A  force  bo  rogaiHlod  is  an  abstract  property  ur  power : 
it  has  no  rektion  to  energy,  because  it  ilocs  no  work  ;  thougli  it 
has  a  relation  to  ii<Am\lial  tnergtj.  (2)  By  the  motion  it  proilucea 
in  matter,  and  thiit  again  has  two  asj>ects.  1.  FcIofiVy,  which 
may  be  general  or  abstract,  as  in  the  case  of  thu  force  of  gravi~ 
tation  when  expressed  by  tlio  ordinaiy  symbol  ij,  meaning  ita 
capacity  of  generating  a  velocity  of  ]2'2  feet  per  seoond.  Z. 
jlomontum,  iu  which  the  foroc  beoomes  ooucrete  and  qitanlitalivo 
by  the  introduction  of  unit  mass  of  matter,  and  unit  time.  But 
tliis  i»  no  longer  truo  force,  it  18  all  expression  of  en crpy,— of  the 
work  a  foroo  can  do  under  unit  conditions.  The  di/ne,  i  409,  is 
finch  a  forcr,  or  more  truly  u  mathematical  expression  for  a 
unit  quantity  of  force,  and  it  is  the  sumo  \-aI>ic.  iu  rejility,  as  tli« 
erij,  S  410,  tho  unit  of  energy:  they  are  simply  cxpresuous  for 
the  two  nepocls,  cauio  and  effect,  force  »nd  work,  which  of 
necessity  are  equal. 
I  48).  (JroFiiflfion  as  a  natural  force  therefore  proilucts,  t.a  static 

I  preasnre,  2, «  velocity  (siiy  ja  feet  per  fee.),  j,  a  nioiiieutum  iu 

I  a  mass  (say  16  foot  lbs.  per  sec.).     It  also  tirodnces  accehraliun, 

^^  5  409 :  that  is  to  wiy,  acting  continuously,  its  effect  is  uccumu- 
^B  latire.  This  property  would  be  inip«)rtant  iu  a  treatise  ou 
^B  mechanics,  but  does  not  necessarily  cntor  into  tlie  electric 
^H  treatment  of  force :  its  effects  are  included  in  the  uotual 
^H  velocity  and  momentum  generateiL  But  it  may  bo  well  to 
^H     point  ont  that  the  ordinary  concoption  of  gravitation,  us  duo  to 
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this  attraction  of  tba  earth  for  movable  bodies,  is  mislcadin]^, 
bcca'uiio  it  luavtis  out  of  night  the  part  pUyed  by  tho  second 
Ijixl^-  iUolf.  Tho  effout  of  thw  is  that  while  we  oau  exprona  a 
Hjiring  or  atesm   ffiroo  as  a  prwauro  of   so  luaiiy  pcrnuds  per 

Suiira  iiich,  we  canuut  m  uxpress  gravitation  jkt  ae.  Wo 
all  deal  with  Huch  a  pre<istire  presently  as  "  head  of  water," 
but  thiH  is  a  oo[ui)uuiid  c!S)ireaaioii.  Besides  tho  attraotiou  of 
the  earth,  it  iiicluiicM  that  of  tho  water  itself,  that  is,  its  own 
weight  for  luoio  jiroperly  mass).  Of  courso  it  is  perfectly 
kuuwii  thiit  thitt  atlraclion  is  really  that  of  the  two  masses, 
earth  uud  body ;  it  m  only  tho  coounon  way  of  thinking;  that  I 
refer  to,  whioli  reacts  evtu  ujioo  science.  In  our  utter  ij^orauco 
of  tho  real  C!iuse  of  gmvitatiou,  we  fix  our  ideas  upon  tho  mere 
umesi's  of  matter,  and  satisfy  ounjolves  with  tho  statement  that 

it  14  — ni~~'  "'"'  '"  ^^''^  formula  wo  bury  away  the  aguncy 

it«olf,  iho  most  perfect  ropresontittion  wo  can  litid  in  nntnro  of 
an  omniprosont  crmsciousnoM.  That  formula,  like  tho  idi-nticAl 
oncfl  for  clootricity,  5  SG,  and  fur  magDotieni,  §  ijo,  shows  that 
tliexo  so-cullod  ijiuntiticii  arc  roally  streBSos  or  attraoliunM 
exortvd  by  forces. 

484.  Wo  wjnil  up  a  wpring.  and  wo  know  wo  have  8torc<l  our 
work  in  It.  Wo  wind  up  a  wticht.  and  wo  know  wo  have 
Ktoiod  our  work  in  it.  Wo  «)>oak  of  "putonlial  energy"  in 
both  ooHL-s,  but  in  how  difTcrunt  a  manner  do  wo  think  of  tho 
two  agcncioB :  ono  scoms  roal  and  tho  other  mythical :  tho  ono 
wv  call  energy  of  «lrvM,  molecular  Htrnin;  llio  other  wo  call 
energy  of  ttonition.  IJiit  l«t  us  conceive  a  ropo  paiwing  over  a 
pulluy,  and  thuncc  toa»vincli  by  which  a  spring  oMi  bo  strainud, 
i*r  wound  up.  Wo  have  bun:  a  tangiblu  agent  to  deal  with.  Wo 
see  the  strained  spring,  and  wo  know  tlut  tlio  spring,  by  rirluo 
of  that  eirain,  will  return  um  our  energy-  by  doing  work 
equivalent  to  that  emploj-ud  in  generating  the  molecular  ilrtao. 
But  wo  replace  the  spring  by  a  luoro  weight  which  we  wind  up, 
and  then  we  talk  of  energv  of  position.  It  tthonld  bo  clearly 
realieed  tliat  the  two  ooDOitioDa  are  identical :  in  winding  up 
the  weight  we  have  in  some  way,  wholly  unknown  to  lis,  put  a 
»lre*»  upon  the  earth  and  stored  energy  just  as  certainly  us  in  the 
»]iring.  We  do  not  know  how,  but  in  Kumo  way  tlie  foroe  of 
gravilatiun  ia  as  imroly  an  i-xpreiuiun  of  energy  Btorod  up  in 
matter,  as  ta  tho  at)  ruction  exerted  between  two  eleolrlo  charges 
or  two  magnetic  jioleH. 

485>  The  uiont  ei>iivonicnt  illiulntion  of  the  mechaniual 
effects  of  force,  is  to  bn  found  in  "  Ikydraulicti,"  that  is  to  say  in 
the  cunetils  of  wutur  x>ruduci^  in  pipoa  by  tho  force  of  ^v^-syx- 
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tion,  vrbich  force  is  oxprvesed  as  "bead  of  water  ;"  tliat  is  to 
gay.  an  tLe  hoi^ht  of  a  coUiwiu  of  water,  auppoaed  to  havo  aa 
unliin!tt-d  supply,  which  is  cupabk'  of  producing  tho  required 
(•jfi-cta :  head  of  water  is  in  fact  the  product  of  the  attractions 
exerted  between  "earth"  and  each  particle  of  water  in  th« 
culuinu,  and  therefore  of  tbe  inasa  contniued  in  say  a  column  of 
unit  urea,  llut  tbcre  are  two  difficultit-s  in  applying  the 
illustration  to  electric  currents,  (i)  lli>ad  of  water,  acting  as 
a  *'  niecbanioo-motivo  force,"  bas  tbe onnmlative  effect  of  "accel- 
loration"  which  does  not  occur  in  elecirieal  actions;  (2J  tho 
friction,  or  true  resistance  (i.  e.  energy  expended  in  niainlainiug 
current),  is  more  complex  in  the  case  of  water ;  it  is,  in  fact, 
two-fold  in  origin  ;  there  is  tJiO  friction  within  the  mitse  of 
water,  and  there  is  tho  skin  friction  against  tbe  pipe,  nud  these 
two  do  not  increase  in  tbe  same  ratio:  in  electncity  tbere  14 
only  one  order  of  friction  related  simply  to  the  equaro  of  tho 
velocity  of  motion,  i.  e.  as  C. 

48S."The  fundamental  law  of  hydraulics,  that  ifi  of  "ounont  " 
in  the  case  of  water,  is  that  the  velimliet  (that  is  current*)  are 
at  the  tquare  root  nf  Ihfl  headi.  But  tbe  potoiitial  oucrgy  of  a 
unit  weight  of  water  in  a»  Ihi:  head  or  height  of  the  tjoluum 
throiigb  wliicti  it  fulls,  nud  the  result  is  tlint  M  or  mecbaiiical 
motive  force  oorrueponda  to  tbe  S(|nn)e  rout  of  the  potuniial 
onf^rjry,  while  E  or  eleotroinotivo  furw  is  directly  as  the  energy, 
OH  will  be  seen  in  the  Chapter  on  E  M  F, 

487,  Current  therefuie  is,  in  electricity,  a  rate  of  action 
measurable  chemically  and  mMgnelically.  which  is,  by  Ohm'ii 
laws, $  474,  f^ueruted  in  Ihf  raliu  uf  the  EMF  or  potential  (that 
is,  as  the  energy  available  under  tbu  conditions  of  the  soiirco), 
ttud  inrerwli/ as  the  so-called  resistauoe,  S  475,  becjuiso  thisro- 
sietaiice  is  the  arithmetioU  reoiptucal  uf  tbe  conductance  of  tbo 
drouit,  i.e.  of  its  capacity  to  permit  the  action  we  call  current. 

td88.  Beeittance  b«loome«  intelligible  when  thus  considered, 
nltliougb  it  is  an  altogether  diOfercnt  thing  from  what  tho  term 
means  in  lueobanics :  the  oonception  will  be  clear  if  we  consider 
a  conductor  not  as  a  whole,  but  in  its  oomponcnta,  aa  if  built  up 
of  a  number  of  unit  conilnotora,  all  alike,  aide  by  side,  and  each 
passing  equal  current ;  that  is  eacb  having  unit  rajntdlg  and 
offering  ut'i'C  resislanco  in  the  true  sense  of  friction.  It  tbeii 
becomes  obvious  that  the  law  of  Iranemission  (alike  for  water 
and  electricity),  must  be  : — i.  Current  is  as  capacity ;  that  is  to 
eay.  in  wires,  as  in  pi|>es,  directly  as  teetional  area,  wliich  is  as 
(P,  because  the  gquart  <>/  lite  diamelo"  corresponds  to  tho  number 
of  unit  conductors  of  which  tbe  wire  is  btiilt  up.  J.  Current  is 
invcTBclg  as  resistance,  because  tJie  resistance  is  inversely  as 
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Capacity ;  the  fewer  the  constituent  or  nntt  con()uctora,  tho  Ickb 
the  capacity,  or  greater  tho  rcFJRtAnce.  ;.  Reeistnnce  is  dk 
length,  because  ilotibling  lyngtli  doiililen  the  true  resistance  l>y 
eiviog  double  work,  nnd  therefore  hnlving  tho  capacity  or  con- 
iudatKe  of  the  circnits. 

489.  It  IB  the  eamt;  thing  arithmetical  It.  to  muUiplii  by  a  vaht 
t>t  diride  by  ilt  reeiprocal,  so  thnt  if  we  calf  conrfudin^P  A  and  ila 
reciprocal  (thnt  is  I  -^  A)  H,  the  result  R  X  A  is  the  same  as 
E  -i-  It,  while  tho  treating  thiw  reciprocal  lut  the  rcidily  has  tho 
pTSCtieal  convenience  of  cnubling  iis  to  n»s  nctiml  hogthe  of 
wire  agreeing  with  tho  figures ;  but  it  *hoiil<l  ncmu  the  leas  l>o 
ck-arly  tinilcretood  tliat  what  ar<'  ofillcd  "  reeiBtunco  mcasiirea" 
are  truly  conduttnn,  and  ruiklly  meiisuro  notliing  Init  tho  c»n- 
iactancv  of  tho  wirt«,  ice,  with  whioli  Ihoy  are  coinpureil. 

490.  Iloro  tlien  vre  have  the  explaniition  of  the  common  stntO' 
mtrnt  thnt  vlentTic  reaistAiice  is  equal  ftir  nil  ctirrentH,  thut  ih  to 
Kay,  un  ohm  is  r  ohm  resistance  for  1  umtiure  or  20.  Tliis,  tho 
first  stfttemsut  quoled,  §  47},  applies  to  tlio  iiritbrncticul  vahir, 
the  ri'ciiirocal ;  for  a  unit  cmductor,  pipe,  or  in're,  liat  the  tame  ■ 
capacity  for  all  earmiU ;  that  i«,  it  will  jwrmit  i  unit  current  I 
to  pass  under  t  uuit  force  or  20  uudoi-  10  units.  But  iioue  the 
lew  it  will,  fur  both  water  and  eUclridttf,  retain  "  a  certain  amount 

of  energy  projMirtional  to  lh»l  trunemittod : "  and  that  \a,,fi>T 
eUetrieily  at  fur  tcater,  m  tho  ratio  of  the  "  square  of  the  velocity 
of  fluw,''^  i.  i:.  (IB  C. 

491.  Eleclro-mntire  force,  or  potential,  is  generated  by  tho 
energy  Bupplied  l*)  or  bj'ft"iiwurco"  which  nets  up  the  currttiit; 
it  is  mauifeat^  an  a  "  preMuro"  measured  in  volls,  and  it  mny 
bo  coiivenienlly  oalled  tho  vollaye  actiug  in  &  circuit.  It  is 
wholly  expended  within  the  circuit,  either  in  overcoming  resist- 
nnco  or  in  doing  work  by  the  circuit,  wbiob  muy  be  expressed 
BH  a.  resiatAnoc ;  or  else  it  is  ueutmlizcd  by  au  opposing  E  M  F. 
Thercfora  it  disappears  by  degrees,  as  explained  f  44],  in  what 
is  often  described  as  the  slope  of  potenlial.  It  is  a  regular 
slope  (a»  shown  Fig.  49,  p.  227)  in  a  uniform  circuit ;  but  whore 
a  circuit  is  composed  of  Tarj'in);  materials  and  opeiutions,  it  is 
more  complex,  and  Fig.  j8  will  explain  the  facts. 

Tho  circuit  is  represented  by  tho  arrow  traversing  the  source 
S,  a  voltameter  I>,  and  an  electro- mag  net  M :  tho  upper  Bgores 
represent  counter  electromotive  foroeti,  and  the  lower  figures 
show  the  reaistancoB  of  the  viLriuus  parts.  It  wilt  bo  seen  that 
voltage  expended  in  It  forms  the  vai,\'ing  slope  of  potential, 
while  voltage  I<«t  in  nieotiug  —  K  M  F  disapjtears  in  vertical 
lines. 

Tho  gross  energy  represents  8  volts  showo.  N«.\>.v»!iv'^  ^  ^ 
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which  1 ' ;  is  obBorbeil  ia  negative  reaoUons.  as  explained  in 
Chapter  ou  EMF;  a  like  amount,  represenliiig  the  energy  of 
water  decomiKwition  is  carried  off  by  H  and  O  in  the  voltameter, 
and  1  volt  oorrespomls  to  meoliauical  work  done  hy  the  magnut. 
Tho  roHistances  of  the  st^veral  parts  should  aiuouat  to  4  ohmd 
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(but  by  oversight  show  4  ■  s),  no  that  tho  oondit.ioua  are  those  of 
a.  current  of  i  ampere,  by  Ohm's  kw  E  8-4-^114=  i 
iinij)(.ire.  With  any  other  than  a  i-ninporo  current  tho  01- 
pcndituro  of  (energy  as  (_'-  would  conipliofttc  the  figures. 

492.  Thifi  iljagram  shows  plainly  how  wtterly  nunecussary  it 
18  to  go  out  of  the  conductor  to  look  for  the  vehicle  of  the 
energy,  and  how  perfectly  the  "  com  m  on -sense  thtury  "  covers 
the  whole  ground.  To  show  this  it  is  neceseury  that  tho  source 
8  should  represent  a  galvnnio  bulterj-,  becimae  then  Uie  cnoi^ 
is  derived  from  tho  circuit  itself,  and  not  from  meohiinical  power 
nvting  through  thu  agency  of  luagnete ;  tho  same  principle 
applies  in  all  uiscs,  but  in  the  buttery  it  is  obvious.  The 
gunois  of  KMF  will  be  fully  explained  in  tho  proper  chapter: 
hcrv  it  needs  only  to  refer  to  pp.  101-5.  The  EMF  i«  simply 
the  energy  of  chemic.1l  notion  appearing  in  nnotlier  form,  and  it 
apptari  only  in,  and  fimiined  In  llir  clcclrie  circuit.  It  never 
becoiiies  radiant  like  light  or  heat :  this  is  no  in«re  assertion, 
but  w  demonstmblo  fact.  The  energy  niuy  and  does  appear  iu 
two  forms  (see  §  1^4)  ■  >u  one  forui  it  is  set  free  at  the  linc 
nurfnco  as  hmt,  radiant  energy  which  contributes  nothing  to 
F.  M  F,  and  which  novor  returns  to  the  circuit,  lint  is  disaijmted 
at  tho  source  itself;  this  is  what  is  called  local  action.  Tho 
other  part  constitutes  EMF,  and  is  tvuceahle  slogo  by  stage  in 
Ihc  conductor  onl;/,  us  in  Fig.  58. 
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It  U  a  mere  wautou  liypotlious  to  tusert  that  ttiU  euersv 
loavM  tlie  source  "radiant  like  light,"  tiieu  "8wirl«  roumr" 
without  any  now  force  applied,  and  dUtributua  itevlf  oluug  the 
wholo  length  of  tho  ooadnctor  from  outaida  apace. 

49).  The  current  tut  vkU  aa  tho  energy  t«8tifiea  to  thi«:  pio- 
viaing  uu  leakago  ia  permitted,  the  circuit  may  be  oponod  at 
any  part,  ereii  a  thouaaiid  uiilea  from  the  aourou ;  nt  every  Hiich 
Hixition  tiicre  will  ho  fomid  a  chemical  power  (S  465  n)  exactly 
cqtiivaU-nt  to  that  in  llio  source  ;  at  every  aiich  point  chemical 
energy  {469(1)  will  bo  req^uired,  and  §uppiicd,  vaniiblo  with  tho  J 
naturea  of  tho  parttoulai-  actions.  This  ia  iutvlligihlo  whon  wo  \ 
moogiiiso  the  "currtut"  as  a  molecolar  motion  prudiiood  by  tho 
Bourco,  pro]iagat«d  through  the  conductor,  and  ilaelf  traiiGmiltiiig 
and  oxpundiug  the  energy  as  rc'iuired.  It  is  utterly  iinintidli- 
gible  it  wo  consider  that  the  ourrcut  ilaelf  is  sut  up  liy  energy 
returning  to  the  oouductor  from  outor  space, 

49.^.  Then  we  have  the  luagiietittitt  around  thtH  circuit,  equal 
thrungh   its  whole  leiigtli,  and  proportionetl   ttrictly  to   the 
ciirj'cnt,  while  the  energy  is  variable  at  every  part,  according 
to  the  varied  nalnro  of  the  material,  and  even  itn  dimensions, 
iktid  variable  as  the  square  of  the  curreuL    No  intolligiblo 
(TxpUnatiou  liaa  ever  yot  been  offered  (is  one  poNtihlo?)  of  tho 
means  hy  which  thin  radiant  energy,  far  away  in  Hpaco,  rocog- 
niEca  and  obeys  the  oalU  upon  it  from  this  oouductor,  whicD  I 
Dr.  Lodge  tellii  us  "  oondaots  nothing,  not  even  an  impulse." 
Is  there  m  all  nature  a  single  luatauco  of  such  action  on  tho 
part  of  radiant  energy  under  any  knowu  form?    Doen  light 
eror  turn  hook  on,  or  aside  from  its  path,  nuloaa  some  uutKido 
acent  meets  its  rays?    Yet  we  are  told  authoiitatively  that  ■ 
etectric  energy  docs  so,  although  it  leaves  tho  source  "  radiant  ' 
exactly  aa  light  is  radiant." 

495.  Why  have  our  lending  profcsBors  been  led  away  into 
tlieao    imaginations  ?     Bccanso   thoro   are    some  exceptional  i 
phenomena  which  occur  at  tho  sotting  up  and  cessation  of  trua  1 
curieni,  and   they  have   invented   thcfio   notions   in  order   to 
make  one  explanation  serve  for  two  distiuot  oiders  of  facts. 
It  is  the  growing  importance  of  "altenialing  cnrronta"  and  j 
the  fact  that  they  am  not  covered  by  the  ordinaiy  Ohm'a  ' 
formuliB  (though  perfectly  subject  to  Ohm's  law),  which  haa 
led  to  the  manufacture  of  on  entirely  new  style  of  mathematical 
harness.    A  clear  conception  of  the  diffeient  functiona  of  tho 
tMiduetive  and  iudutlive  circuita  (see  p.  C6)  and  a  recognition  of 
the  fact  that  alternating  currents  (that  is  the  induced  currents) 
are  not  phenomena  of  tho  true  conductive  circuit,  but  of  tha 
indttdiK  drcuit,  would  huvo  prevented  our  sciuuti(l<:  ttJi.*«».^\'^ws 
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abaiidoDiog  the  tme  principlea  of  modem  science  (tnd  reverting 
to  tho  old  "  science,  falsely  bo  called  " — the  process  of  reaeoniDg 
h  priori  from  hypothetical  data,  instead  of  by  induction  from 
proved  facts.  But  they  must  needs  )>retend  to  furnish  ex- 
planations of  tbinj^B  Ihey  coiild  not  underetnnd.  and  the  n>sult 
is  the  endless  invention  of  functions  of  the  ethor,  about  which 
they  hunc  absolutely  nothing ;  the  mere  exUtenco  of  which  is 
a  pure  hypotheflis,  convenient  but  iinpruvnble  oven  in  the  case 
of  light,  but  unnecessary  in  any  other  case,  Rud  drawing  attention 
away  from  true  knowledge. 

i^.  Let  us  examine  tJiese  phenomena  of  commencing  and 
cnainj;  currents.  Any  process  which  is  gradual  cnn  bo  repre- 
sented by  a  curve,  and  Fig.  59  represents  these  facte. 


Fio.  59. 
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The  Hue  A  Q  is  the  period  of  a  current,  of  which  the  circuit 
from  the  source  iii  brokoti  at  the  time  D.  The  rising  curve  A  0 
is  the  time  of  development  of  current,  tho  period  nt'  rclirdaliou 

Saeo  Siog)  C  F  is  tho  period  of  constant  current,  iu  which  llio 
ullBMFis  acting  and  to  which  Ohm's  formulic  relate ;  the 
falling  curve  F  G  ia  tho  "  extra  current  "  period,  during  which 
energy  stor<sd  during  the  period  AC  in  the  inductive  aotiunit, 
I  returuB  tu  iknd  becomes  B  U  F  in  the  conductor. 

L  497.  ThtHi)  two  periods  and  tlie  form  of  the  curves  depend 

^K  upon  tho  nature  and  arrangeiitent  of  the  oirouits,  i.  e.  upou  the 
^f  work  that  thenourco  has  to  do  lieforo  it  is  free  to  act  in  tha 
W  oondaotor.     In  foct  tho  energy  of  the  source  has  at  first  several 

^L  cl&itus  MjMia  it,  and  has  to  satisfy  them  nil  in  fair  proportions, 

^H  in  other  wordx  it  hiw  to  net  up  a  series  of  slret»e* :  let  us  con- 
^H  aider  two  prindjml  onrs,  ns  in  I109.  a  closed  conductor  and 
^H  a  cundcnnuv :  thu  first  mny  have  n  resistAnoe  of  i  ohm  and  the 
^H  other  of  niillion.'i,  yet  rurrtnl  in  the  one  will  Hng  only  in  exact 
^H     proportion  wilh  rnartje  in  t])u  other;  in  some  eenae  ihc  cou- 
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denser  act§  as  a  leak  io  the  conductor.  Wo  can  conac-ivi>  a 
me^anical  analogtio-,  wo  can  exert  a  pull  at  a  diAtanco  hy 
nieana  of  a  wire,  such  as  bell-wire,  but  if  we  have  a  part  of  tlio 
wire  replaced  by  a  spiral  s])riiig,  wo  cao  no  lonji^r  exert  that 
pull  in  full  force  until  we  have  aalUJieii  lli«  »lreg»et  of  lite  gpring ; 
tf  we  (;ive  a  acrica  of  pulls  and  reloasc^,  wo  no  longer  effect  the 
same  work  at  a  dietauco ;  and  at  each  impalso  we  store  ensrxy 
as  stresEes  in  the  spring  before  we  can  transmit  energy  to  tbe 
end  of  the  conductor — the  wire. 

4^)8.  T^re  are  itreue*  of  three  detenptlont  to  be  produced  !n 
the  electric  circuit,  which  are  analogous  to  this  elasticity  ol 
what  wo  may  call  the  boll-wire  circuit. 

(a)  The  molecules  of  tho  conductor  have  to  lie  set  in  motiou. 
that  motion  whicli  we  call  curronl,  in  order  to  constitute  the 
Hues  of  polarieatiou.  This  implies  that  a  momentum  must  bo 
generated,  in  which  energy  is  stored  in  opposition  to  tho 
stresses  or  forces  which  exist  in  tho  ordinary  condition  of 
matter. 

(fc)  'ITiB  inductive  circuit  must  bo  charged  (sec  S  4G9  /,  p)  and 
(Lis  stores  onorgj-  in  verj-  varying  dogn-c,  acci^nliiig  to  tho 
UDturo  of  tho  BurroundingH  and  the  arrftngemcnt  of  tho  circuit.  , 

M  Tho  roiignctie  powc-nt  of  the  circuit  mtn-t  lio  developed. 

TuolO  several  strvKScs  un  included  tcigv^tlior  in  tho  older 
phruu  "aolf-induotion  "  and  "  mutuat-indLictii>n,"  and  are  now 
usually  Inm pod  together  in  thott-rm  "iniluoliiiicc."  As  they  aro 
all  of  them  storages  of  cnei^',  and  nicununible  together  in  one 
unit,  the  henry,  it  may  bo  right  to  bftvo  ono  incliisivo  term  : 
but  it  is  of  the  utmost  iniportniico  to  ruougnlxu  tlio  essential 
distinctions  among  tlio  conntitueuta.  «irmi«ifuin  in  thn  conductor, 
inditi^lifin  in  tho  static  field,  and  majptetante  in  atid  around  the 
oonduotor. 

499.  Returning  to  Fig.  $9,  the  vertical  line  A'E  is  tlie  EUF 
of  tho  source,  and  as  E  M  F  iuvolvea  two  distinct  linuo  of 
thought,  nressure  and  energy,  I  think  it  will  aid  perception 
very  mucu  if  we  use  difl'crent  terms  for  these  two  uapcols; 
voUage  is  now  Ccniuioniy  used  to  indicate  electric  preshnrt*,  and 
I  pruiHjse  to  use  the  term  vollance  for  tho  quantity  of  uneigy 
whioli  in  the  origin  of  E  M  F,  Tho  great  value  of  this  differen- 
tiation will  be  seen  later  on. 

When  a  cii-ciiit  is  closed,  the  voltsgo  acta  upon  all  patlis  open 
to  it  and  produces  the  stresses  of  8  458,  and  Fig.  59  is  inl«nded  I 
to  add  the  inductive  work  to  the  mere  current  carve  which  ia  1 
usually  given. 

The  space  inside  or  below  the  line  A  0  allows  the  energy 
expended,  the  n^lanee  transformed  into  heat,  the  voltoQe  <'m\doi^«A 
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St  each  mBtftnt  m  produoinj;  current;  tlie  epacc  ontsido  tUa 
lino,  the  dotted  continuaiioaa  of  the  lines  of  Mtivo  K  M  F  and 
current,  show  the  voUance  pasong  into  the  oster  etorers  of 
energy,  tint  inductAnce  and  magnetsnce. 

Hero  wo  nee  the  actual  ohservcil  conditions,  &  transfer  of 
energy  into  eurrouuding  space  and  matter,  but  purely  >n  the 
form  of  streest-s  set  up  against  iho  ordinary  foi-ces  of  matt«r, 
with  no  action  whatever  outside  the  conductor  (except  work) 
ns  long  as  steady  current  continuea. 

5<».  Now  circuit  is  hroken  ;  the  preeauro  of  the  voltage  no 
longer  resists  the  ordinary  forces  of  matter :  these  in  turn 
become  pressures  or  temporary  voltage,  in  other  words  counter 
E  At  F  gradually  vanishing  as  things  return  to  their  normal 
state,  and  tlio  stored  voltanee  retnrns  into  the  circuit,  producing 
a  continued  vanishing  current.  But  the  final  curve  FO  never 
fully  eijuals  the  current  lost  in  AC,  bt-cauio  some  energy  is 
always  expended  in  these  outside  operations,  as  shown  iu  the 
dotted  curve  F  O. 

501.  It  may  he  well  here  to  connidor  anotliur  matter  which 
Fig.  59  makes  very  clear.  If  we  place  a  good  Bulvanomoter  in 
n  circuit  which  can  ho  broken  at  diflvteut  rattw,  i.e.  in  which 
the  frtqitennj  of  intennittance  ean  be  varied,  and  of  which  iho 
inductance  cnn  bo  varied,  mnch  is  to  be  learul.  Many  years 
ago  I  mado  such  an  experiment,  using  a  cylinder  mounted  on  a 
shaft  driven  by  clockwork  as  the  break,  the  outer  surfooo  being 
cut  into  a  crown  wheel,  a  spring  proBsing  upon  the  continnouo 
portion  and  another  upon  the  teeth,  which  woixt  of  equal  width 
to  the  spaces.  Of  course  the  effect  is  that  the  current  only 
{NLWice  during  exactly  half  the  time,  no  mutter  what  the  rato  of 
rolnlion,  and  tborcforo,  using  a  somewhat  heavy  needle,  though 
very  freo  to  move,  the  reading  of  cunent  must  be,  from  that 
cause,  rodncod  to  half  what  it  would  ho  were  the  break  at  rcxt, 
and  full  current  pacing. 

But  when  tlio  break  acts  the  current  reading  lowers,  not 
ttonly  to  half,  bnt  to  a  degree  much  greater,  acoording  to  the 
■pwdr  showing  n  new  action  besides  the  acttinl  ccMation  of 
current.  But  now  running  at  a  liicd  frequency,  and  having  a 
steady  current,  let  ns  alter  the  "  indnctance."  let  us  connect 
different  cnndniKent  which  have  nothing  at  nil  to  do  witli  thft 
circuit,  and  down  go".*  tlio  current  riaditig.  Let  part  of  tho 
wire  have  bw.-n  wound  into  a  coil  and  insert  ii-on  into  tlit«  :  down 
goca  the  cnTTcnt.  Of  countc  tlicso  aro  hut  very  crude  illnirtra- 
tions  of  facte  now  well  known,  hut  probably  many  students 
would  get  from  them  mnch  clonixr  ideas  thou  they  would  from 
lung  dissertations  upon  "self  induction." 
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501.  The  crtmai  theorij,  §  461?,  is  said  lo  bo  provoi!  l>y  those 
facte,  and  on  tho  §tronf;tli  of  them  it  is  asserted  that  thecni'rent 
commTiDces  011  tho  surface  of  the  conductor  (ivhich  is  probably 
true,  as  explained  J  50^).  and  that  it  is  produced,  not  by  a  stress 
from  tho  source  within  the  conductor,  but  by  streams  of  enerpy 
entering  tho  conductor  from  outside,  and  at  once  escaping  out 
ngain  as  heat. 

Sir  W.  Thomson  says,  "  When  the  period  is  very  small  com- 
pared ^vith  400  timeit  tho  square  of  the  smallest  diametOTiJ 
iniittiplied  by  its  niaf^etio  permeability  and  divided  by  its 
olectric  reeitilivity,  tho  current  is  coulined  to  aa  exceedingly 
t)un  eurfaco  stratum  of  the  condoctors,"  and  moreover  it  is  not 
pniportioned  to  the  conductance  of  tho  whole  conductor,  but  to 
that  of  this  thin  stratum. 

If  tho  reader  will  make  a  copy  of  Fip.  30,  fold  it  on  it«olf  on 
t)ic  dotted  middle  line,  and  pass  it  into  a  slit  in  a  card,  he  will 
Hcc  the  reason  clearly  :  by  drawing  it  into  tlio  card  wo  alter  tho 
timo  or  frequency,  and  when  the  linos  C  and  F  come  together, 
■wfl  have  a  pure  wave  juat  equal  to  tho  full  power  of  tho  sourco, 
A»  wo  continue  to  dntw  in,  wo  increoeo  tho  frcnncncj-  nnil  lower] 
th*  w«To  (i.  c  tho  current),  and  wo  cim  go  on  doing  this  till 
Iiavo  hanlty  any  current  dt  all  in  tho  conductor,  though  we  inaj 
have  plenty  of  actions  external  to  it,  in  iho  form  of  "indnocdl 
currentM  "  and  static  phenomena. 

joj.  HvtiBAruc  .\!tAUKir  or  Cunntxr.— An  stated  5  485,  there 
are  Hnnic  differences  in  the  condiiiooB  relating  to  tho  flow  of 
water  in  pipes  and  tho  transmitwion  of  eloclrio  onrront  in  n-ircx, 
which  must  bo  taken  into  aooonnt  when  wo  trace  out  the  Htrong 
analogy  which  existn  hctwoon  tho  two ;  that  simply  implii-s  that, 
aa  in  all  otlicr  casOK,  w«  munt  diHtingniiih  annlogj'  Iriim  idimtity, 
and  while  ws  may  loarn  much  iu  noting  tho  poinla  of  roNvm- 
Llanco,  wo  must  clearly  see  tho  dilTorenooii  which  exint.  The  tnio 
analogy  is  not  with  sucUasysteraof  piiwaafl  we  h«v«  for  supply 
of  water.  The  water  Ic-avoa  tlieae,  whicn  electricity  does  not.  and 
it  carries  energy  away  with  it :  the  difference  in  tho  nature  of 
tho  frictjona]  resistance  is  mentioned  %  4S;,  and  thi*  affecta  all 
ojises;  but  the  true  analogue  is  to  be  found  in  the  hydraulio, 
systems  for  transmitting  power  and  doing  work.  Here  wo  havo  ' 
a  cloBod  circuit  in  which  tho  water  circulates,  closely  resembling 
the  electric  circuit,  in  which  the  engine  and  pump  corri?E|)ond  tu 
a  galvanic  battery.  Wo  have  not  only  tho  water  eircn]ating| 
without  diminution,  as  is  the  cose  with  electricity,  and  nerving 
as  the  agent  for  conveying  energy,  but  wo  have  -(-  and  — 
pressures  in  the  pities  shown  by  gauges,  juat  as  tho  electro- 
moter  shows  tbem  in  the  dicuit>  and  we  have  a  "elope  ol 
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fiotontial,"  a  gradunl  eipondUuro  of  energy  rtnA  accompanying 
DBS  of  pressure,  identioiil  with  those  of  electricity  shown    in 

Vis.  59- 

^o^.  But  we  have  ndthins  to  correspond  with  the  iuductanco 
(ind  magnotance  of  the  olectnc  circuit,  and  wo  have  tlio 
momontum  clement  largely  incre-a^ed.  It  was  the  same  with 
electric  currents  at  tirst ;  it  was  only  when  telegraph  cables 
begnn  to  bo  used  that  "retardation"  was  noticed,  and  only 
when  coils  for  producing  induced  currents  became  of  interest 
tliut  the  inditctuiicc  of  electric  cii-ouits  wan  studied.  Hydraulic 
circuits  as  practically  iiscd,  ooiiii>oseil  of  rigid  steel  pipes,  do  not 
introduce  the  corresponding  conditions  which,  as  siiown  S  497, 
would  involve  etagticttii  in  tbe  oonductor  or  pipes,  This  would 
ht:  a  serious  practical  evil,  though  the  accumulator  does  roally 
introduce  something  of  the  sort,  just  as  the  fly-wheel  does  inma- 
ohiuerj',  fur  in  Wth  of  those  a  resistance  is  introduced  to  absorb 
etutrgy,  which  is  given  up  when  tbe  source  acts  teas  stroagty. 

We  can,  however,  introduce  this  element  for  the  purposes  of 
theory.  Wc  need  only  to  conceive  a  strong  indiiirubber  pipe 
uaeil  iu  pkco  of  tlic  rigid  metal,  in  which  a  certain  smniint  of 
exiiansion,  proportioned  lo  the  preasuie  and  to  the  elusticity  of 
the  pipe,  would  acoompany  the  propagation  of  cmruni,  and 
maintain  an  "extra  current"  when  the  source  ceased  toojierate: 
the  conditions  then  are  ]>crfcctly  analogous  to  those  of  an 
oloctrio  circuit,  although  the  process  in  one  case  is  purely 
mechaiiicid,  while  iu  the  other  it  is  molecular. 

^oj.  These  conditions  are  shown  in  Fig.  60.  C  iu  the  pipe  in 
whicu  is  inserted  the  source  H,  a  turbine  to  set  up  a  current  in 
the  pipe,  drawing  the  water  in  on  tho  —  side  and  forcing  it  out 
ftt  -+-■  W  is  a  similar  turbine  driven  by  thi,-  onrreut  and  doing 
external  work,  corresponding  to  either  a  decomposition  cell  or 
magnet  of  other  illustmticnB.  Each  revolution  of  S  eets  in 
motion  a  unit  volume  of  water,  which  traverses  every  section  of 
the  pipe,  wiih  velocities  varying  according  to  tbe  cross  sectiouH 
when  these  are  unequal,  exnclly  as  in  the  eleetrio  circuit;  in 
neither  case  is  tho  quantitative  element,  wattr  or  electricity, 
expended  or  converted  into  work;  the  lurbiue  W,  would  be  set 
in  motion,  and  w«  commonly  say  that  it  is  driven  by  the  water, 
Mid  truly,  in  tho  same  sense  that  woi-d  ia  cat  by  a  tuiife ;  but  in 
reality  it  is  neither  the  water  nor  tbe  knife  which  acts;  they  are 
Bimply  modes  by  which  eneryy  ia  enabled  to  act :  in  like  manner 
eleotnc  current  does  nothing  itself  (except  as  regards  chemical 
actions  where  tho  moleeiilar  breaking  up  is  a  Junction  of  the 
ouTient  itself)  hut  it  trausrait«  and  applies  the  energy  derived 
from  tho  source. 
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Tho  fiill  lino  gurroimding  Uio  circuit  i§  iiitetided  to  reprosont 
an  initial  proesuro  ptit  iipou  the  pipo  to  enable  it  to  contnict  as 
woll  aa  expand  ;  it  oorresptni'la  to  aero  poteutial  iu  tho  olectrio 
circuit.  When  tho  source  o]>eralc«,  this  liue  of  un-KHuro  is  con- 
Torted  into  a  "nlope  of  pr«B«ure"  in  the  dottud  ling  1',  which 
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exacUj  oorreaponda  to  tJie  "elope  of  potential"  in  electricity, 
and  ia  really  variultlo  aocording  to  the  conditions  of  tho  circwit, 
exactly  as  dhown  iu  Fig.  58  for  electric  current.  Tho  hydrawlio 
circuit  correai>onds  in  orery  way  with  tho  electric  circuit ;  it 
nay  bo  eubdividcd  into  many  cotines,  each  doing  its  particular 
work,  and  thoao  will  in  all  respoota  reBomblo  "  derived  circiiita  " 
iu  eleotrioity,  and  act  as  doMoribod  in  $1  441-448  ;  and  tho 
torbiue  S  corronponda  to  tho  sine  aarface  in  a  iiatti.<ry,  Kcnding 
ener(;y  into  the  dreult  by  meniin  of  a  "current"  diatribnting 
stresses:  like  the  oella  of  a  battery  uIm,  this  source  may  bo 
subdivided;  instead  of  one  powerful  turbine,  several  may  bu 
osed,  and  may  ba  juiued  up  in  "aro,"  iiicreaaitin  flux  but  mit 
pressure,  or  in  "aeries,"  inoi^asing  pressure  but  not  flux,  except 
as  a  consequence  of  the  preasute,  tho  nninbcr  of  revolutions 
agreeing  with  the  oheuiical  equivalent  actions  in  all  respects. 

506.  We  may  now  find  in  the  hydraulic  circuit  the  very 
phenomena  deeorihed  S  501.  The  first  action  of  tho  source  ia  to 
Bot  np  a  pressure  iu  one  direction,  and  a  suction  or  —  pressure 
in  tho  other,  the  two  uniting  to  produce  tho  direct  motion  of 
oarront  in  the  water  and  the  opponto  curves  in  the  elaatio 
eonduotor  of  Fig.  Co.  But  this  lakes  time,  and  we  have  to 
Oonrider  oonditiona  of  the  "variable"  period  such  aa  ^fsSnsM 
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tho  rising  wave  of  Fig.  59.  There  ig  the  inertia  of  tli©  wilcr 
to  overooiue,  and  also  tho  eipansioa  of  tho  pijo  to  be  eflecteiU 
The  first  action  would  euok  water  from  tho  —  side  of  the  soiirco 
and  force  it  to  the  +  eide ;  there  would  ho  n  local  current  cloao 
to  the  souroe,  but  none  in  tho  circuit.  Kuw  this  is  just  what 
happens  In  tho  electric  circuit.  If  a  long  submarino  cable  is 
coilod  in  a  tank  full  of  water,  a  current  utay  be  eent  in  at  one 
end  and  may  not  appear  at  the  other  for  some  seconds ;  nav, 
Boveritl  Buoocasivo  momentary  currents  may  bu  sent  in,  and  will 
loavv  the  other  end  in  aucceaaion,  as  waves  or  impulses. 

This  is  a  crualiiug  fact  for  the  new  doctrines  §  466 ;  if  tho 
energy  travela  aid  the  outer  medium,  producing  tho  current  rta 
an  action  from  outaide,  aa  assorted,  it  has  only  the  tank  to 
traverse,  with  the  velocity  of  light,  and  tlie  wire  is  everj'whero 
Bccessihle  toBorvoaa  tho  pretended  "  sink  "  ;  tho  action  ought 
to  ho  instaulaueoua.  Tho  "  retai-dation  "  ia  intelligible  on  tho 
common -sense  theory,  that  tho  action  is  wholly  effected  by  tho 
conductor,  and  has  therefore  to  bo  limited  by  its  ismall  oroes 
aection,  whilo  the  energy  ia  continuously  drained  away  Into 
tho  inductive  and  magnetic  fields,  so  that  current  is  only  pro- 
pagated in  tho  conductor  when  these  are  charged,  after  which 
they  make  no  further  claims,  and  steady  current  goes  on  unim- 
peded, and  equivalent  to  tho  whole  of  tho  energy  which  tho 
Boitrco  can  supply  under  tho  conditions  of  conductance. 

507.  These  phenomena  are  illueti-ateil  by  Fig.  61.  G  ahowa 
the  pipo  oxpandiug  under  pressure  tranamitica  grtidually  aa 
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tlw  ioartia  of  the  water,  ehown  by  the  shaded  portion  1,  is 
OTprComA :  this  will  obviously  result  in  tho  double  cones  shown 
and  in  a  mfte  sd'n  camnt  prccoding  the  formation  of  true  current 
just  aa  stated  by  tiir  \V.  Thomson,  $  303.  But  this  does  not 
result  from  energy  enleriny  from  oulnae  :  the  energy  is  within, 
but  thftre  is  also  a  resistance  within  and  nn  outlet  and  claim 
from  witliout,  and  thc^o  result  in  the  phenomena  obaerved,  as 
in  the  case  of  tho  cable  in  tho  tank.  The  new  notions  ara 
jactn  wanton  assumptions,  and  thoy  cannot  stop  at  electrio 
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cnrrcnU:  tlio  Uieortats  will  havo  to  m>iut»iD  Uiat  liydnralioj 
|)ipce,  machtue  aliafttt  and  twltiug,  do  not  tranmiiit  unergy,  but 
only  aorvo  sia  Binkn.  W£  aro  getting  nOAT  tn  Uiis  when  they 
ct&im  that  the  wther  is  Uio  real  storelinDBo  of  energy,  and  that 
"  coal  mu«t  bcrcgiirdod  as  a  uictnniauliinofiir extracting  energy 
&oni  tho  ether."  Into  such  quagmires  of  tlmnght  inon  must  bo 
lod  who  follow  the  wilI-o"-the-wiflp8  of  liypothcRiB,  instead  of  tho 
safe  light  of  knowloilgo  and  oxjierimontiii  fact. 

50B.  Induced  currents  will  bo  treated  Hndor  the  head  of  elcctro- 
magnetiBni,  bat  their  fuiidamc-ntal  fuels  may  bo  oxamined  hero 
as  part  of  tho  Bamo  theoretiaal  Biibjoct.  When  a  current 
appears  in  a  condiiclor  not  connected  to  a  source,  what  is  its 
origin  ?  This  inri)!vos  two  coiisidcratioitH :  tho  eurrfnt,  which  in 
this  owe  is  not  dnrivod  from  tho  source,  but  in  gtmcratod  by  an 
action  from  out«ide ;  and  tho  energy,  whiuh,  both  tw  a  fact  and 
by  tho  law  of  tlio  ootiaervation  of  euisrgi,-,  is  derived  from  the 
sourco  and  iM  tranitmitted  by  no  obvious  agent  to  tho  soparato 
circuit. 

This  ongbt  to  bo  clearly  nnderstooil,  1}ecati8o  it  is  tbe  ono 
bit  of  fact  which  the  now  tbcoriAta  oQer  as  ttridenco.     In  a 
discuiwion    in   tho  "  Eleotriciau "  uiwn  tho  aiilijocfc  with  me, 
Prof.  Silvonus  P.  ThomiMon  nayit,  vol  xxrii.  p.  41,  "I  projioso 
to  xhow  that  tliopo  aro  curtain  cawtw  in  which,  boyond  oont 
tho  energy  i»  tranitf<<rrod  from  tlio  woim^)  to  the  work 
tho  iDodinm.    I  iihall  show  thiit  whuro  tlioro  iH  no  metallic  1 
other    conductor    which    can     [ioa.iibly   ofToct  n    lonKitTiiiinalJ 
tiaDsfcr,  and  in  which  thcroforc  the  transfer  is  lateral."     llisj 
argument  is  tbat,ns  such  caMs  aro  ccrtuin,  "one  is  logically' 
driven  to  the  oonolusiun  that  in  all  cases  the  modo  of  transfer 
ia  tho  same." 

The  argument  ia  plaouble,  but  fails  wholly  for  three  reasons : 
( I )  the  UHSumed  sequouoe  is  not  a  logical  necessity,  a«  wo  have 
uo  right  to  assert  that  there  can  be  only  one  modiu  operandi; 
(z>  tho  conditions  in  tho  two  cases  aro  wholly  different,  for 
where  tho  trausfur  exists  no  flux  ia  ])roducod,  only  a  momentary 
aetioi)  dno  to  iitreas :  where  there  ia  continuous  action  of  tho . 
source  it  ia  admitted  by  all  thai  there  ia  no  evidence  of  anjl 
irnosfor  of  energy  in  spooe,  and  it  is  certain  tliat  no  current  in' 
produced  in  any  conductor  not' oonneoted  to  thesonroo;  (i), 
and  most  important,  there  ia  no  evidence  at  any  lime  of  trasuor, 
of  enorgy  din-ct  from  iJie  *tmree.     Prof.  Silvaoua  P.  ThompHim 
garo  a  nnmbcr  of  illnstrationK,  in  ever^'  one  of  whieh  the  energy 
waa  obviously  derived  from  a  oooductivo  circuit,  and  not  by 
Kny  tmdiant  action  from  the  source  dimct.     In  fact  thero  is  no 
Biiwlo  CMO  in  which  thoro  is  any  reason  to  aunntyw  ^li^i  ^mm^ 
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or  influenco  l-cachcs  the  work  except  I>y  the  agency  of  a  cloeed 
conductive  circuit.  Even  ia  the  case  of  the  UerlE  experiments, 
vhich  are  so  often  aeBortcd  to  prove  t]ig  new  theories,  the  reiy 
Opposite  is  the  truth  ;  the  action  never  proceeds  from  the 
*' source  "  of  energy,  but  nlTrnys  through  intermediate  apparatofl 
which  sots  up  conditioDB  of  ivdiujlance  and  maffnetance  around 
R  conductor:  the  ITcrtz  f^iperimentB  relate  to  phenomena  of 
inductance  :  oiilinaiy  induced  currents  aro  phenomena  of  maj 
netancc;  but  both  are  only  momentary  eonseqiiencee  of 
"  rnriable  period." 

505.  I'rof.  Thompwin's  prindpal  argument  relates  to  a  ocril 
of  wire  A  connected  to  n  siiiirce,  and  a  similar  coil  of  wiro  B 
paiallel  to  it  connected  lo  a  galvanometer:  as  we  all  know, 
current  is  produced  in  B  when  circuit  Is  closed  or  broken  in  A, 
and  in  some  way  or  other  energy  has  passed — not  from  tho 
source  to  B,  but  from  A  to  B.  Kow  what  is  tho  mode  of 
trunsfer?  L«t  its  place  B  in  some  position  not  parallel  to  A, 
say  at  right  angles:  ihis  chuugc  in  no  way  altera  its  relation  to 
the  "source"  or  its  jiosition  among  tho  imaRiDary  "ray«"  of 
ctuurgy,  but  it  instantly  Htope  the  uutiim.  Now  pwM  n  curved 
piece  of  iron  through  thu  two  cuiIk,  and  itctioii  apiic-ara  aj^aifi 
more  strongly  than  oefore.  Here  wv  have  by  aoluul  r<x]icTiiuent 
tracked  the  course  of  enerjf  y  transfer,  nof  lo  the  tjxue  bftienen  the 
source  and  B,  but  to  the  ma^pielio  fuuclions  of  the  conductor  A  ; 
we  have  action  in  i)  when,  and  only  when,  the  tnagnetio  circuit 
set  up  by  A  threads  tho  coil  B. 

510.  We  have  precisely  the  samopriociplefl  at  work  in  Fig.  €1, 

F.<i.  i». 


which  i*  a  dingrnm  of  an  induotion  coil  or  tmn 
two  ooiIb,  a  connected  to  the  source,  the  prinui 
b  tho  wiparate  sucimduiy  wire  cunuected  to  n 
wound  i>araUel  to  u  upon  a  cylinder  N  S :  the  n  i 
distinct  u  if  they  wore  on  separate  cores. 
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Evary  one  knows  tb<'kt  when  circuit  in  clitMid  in  a,  a  motncntAry 
ourront  in  Uio  iipposite  iliruoti'in  forms  in  h;  mt  broalc  in  a,  n 
taomentiiry  current  is  proilnixil  in  b  in  the  naniu  itiroction  tut  tha 
primnrj  ourront ;  b(it  ii«  long  lu  utoaily  uurrent  ountiniioit  in  a 
no  sign  of  current  i*  founil  in  b,  but  the  wli»lo  energy  Ls  f»iind 
MM  hoat  ia  a.  Now  i^  it  patnible  that  tlm  miorgy  wmox  from 
tho  Buuroe,  oDturing  tlio  conilitot"r  a  frum  outside  und  producing 
ourront  in  a  ns  u  mure  sink  ?  If  en,  why  docs  it  not  kVAil  ilnolf 
ot  b  lilao'i  b  is  nii  even  butter  sink  than  a,  it  is  a  conxtautly 
closed  circuit;  it  onn  turn  this  ivandoriug  finergy  iut<J  hmt  just 
as  well  as  a  can.  How  doiis  this  uncrjry.  rU'iiant  tixactly  as 
iijj:ht  is,  diHtinguinh  butwevn  these  two  siuksV  Wby  does  it  go 
only  to  ibe  conductor  (which  ouuduots  nut  evon  an  iuipulsa) 
ooQUOcted  to  the  wMirce?  Surely  if  the  current  is  a  [iroduot  of 
the  ener^  su«kiiig  dissipatiou  iu  the  "medium,"  both  wires 
would  bo  ulili;£iKl, 

The  real  explauatiou  in  to  bo  easily  found:  the  current  is 
generated  in  a  by  the  aodoiia  de«oribed  1493  ;  an  essential  aooom- 
pauimeut  of  ourront  i»  maguetisin  around  it ;  thia  is  couoen- 
trated  as  mu;^etio  lines  of  foroo  in  N  S,  completed  in  clos>»l 
circuits  outside  the  coil :  all  the  euaoe  and  nutter  around  N  S 
is  induimced,  and  becomes  magnetically  polarized  ;  but  o^iiallj 
an  inovitabis  oooompaniment  of  magnetic  polarization  w  ih« 
formation  of  electric  polarity  at  rijjht  angles  to  tho  magnotic 
Now  tho  wire  6  is  a  closed  eleotnc  circuit  at  right  nnglcs  to 
tho  magnotic  polarity  of  N  S,  and  of  nocoseity  a  momentary 
currcat  accomjianiiis  the  net  of  j^olarixation,  and  coasen  when 
that  action  is  completed,  although  the  sttL'ss  which  priHlud'H  it 
is  BUktatnod:  current  is  a  phenomenon  of  molecular  motion*,  not 
of  mere  strcDKCS,  of  Btrt-sw*  only  while  they  pnxluco  motion. 
Whtn  tho  Htrcsn  ccjwcs,  the  oriliunry  force*  of  matter  ruvcnto 
the  motion,  and  the  (inorg}*  cliarg^  in  the  ntruM  pnswv  inla 
any  available  conductdr  fin  thin  caso  roally  a  sink)  in  whiuli 
currcut  can  be  genuratefl.  In  Fig.  £1  it  so  hnppuns  that  tho 
VDtl  1/  is  par.iltel  to  a,  but  that  is  a  m«n)  inoidcDt ;  M  men  i  joo 
tho  thing  of  eonse'iuence  is  tliat  it  is  at  right  Anglos  to  N  3. 
Let  NS  bo  n  ring  iiud  the  ciiila  a,  b,  may  be  in  any  positian 
whatever  aa  rcganls  each  other,  no  long  oa  boLli  are  at  right 
angles  to  N  S,  which  oarri^^  tlio  energy  iiuutng  fi\>m  a  to  ohor^ 
the  magnotance  of  N  >j,  a  part  of  wluch  magnutanco  is  the  pra> 
dnetion  of  electric  current  where  snitablo  coudiliona  cxiiit> 

jii,  IxDucio)  HyDRAULic  CuniiBHTS. — It  ia  imjxirtant  to  note 
that  we  can  reprwtueo  all  this  in  tliu  hydraulic  uirouit.  Let  iia 
place  two  such  circnit«,  as  shown  Fik.  60,  in  a  closed  case  whieh 
pres8c-(»  thi^m  togolhcr;  ont*.  A,  containing  tlw  wiMK«,\)aa  •^'Ckl'sx* 
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B,  conlniniii;^  Iho  working  tiirbiiii'.  Diroctly  A  aBSlimwi  llio 
taper  form,  li  will  lie  forced  iuto  the  same  taper,  revt-rsud  as  in 
eleclricitj",  and  a  momentttry  current  will  flow,  ceasing  as  long 
as  steady  strotss  is  inaiDtainud  iu  A.  When  the  eoiirco  ceasea 
to  act,  tJio  olastidty  of  the  (lipcs,  tlie  nualogue  of  induotjiuce, 
will  oauae  a  temporary  current  lo  flow  in  Ijolh  pipes.  By 
intonnitting  repeated  actions  of  this  kind,  a  series  of  altcmatiiie 
currents  could  be  produced,  witli  all  the  etfoctBof  "oscillation 
and  thu  other  phenoiucnn  which  ate  familiar  in  electrical  drooita. 
Corresponding  inetniments,  etich  tis  commutators,  would  lio 
needed  t«  deal  with  BUcJt  curronta  and  enable  them  to  do  work, 
and  the  difference  would  be  merely  the  ratu  of  "  frequency " 
daa  to  the  momentum  of  witter  and  deuEe  matter. 

511.  It  is  the  sitmo  with  the  ejperimcnia  of  Hertz.  Hiiro 
we  have  two  circiiits.  A,  a  circuit  from  the  Bccondnry  of  a.  coil 
(such  as  Fig.  Ci),  iu  which  energy  circulates  as  mnmontury 
BtrsBscs  set  up  and  ceasing;  in  this  circuit  are  pluced  two 
condenser  phites.  ono  on  each  eido  of  the  spark  space.  These 
of  course  setup  the  conditiona  of  charge  all  around  them,  Si  05. 
Another  pair  of  plates  is  placed  opposite  them  with  a  spark 
space,  and  of  course  thce'O  second  pair  form  part  of  tlio  lint*  of 
induction  of  the  first  ]iair,  and  take  pitrt  of  tlie  energy:  lienoo 
momentary  currents  set  up  li-twetn  tliem ;  the  qui-t>tion  of 
undulation  us  the  mode  of  tmubimiMBiou  of  energy  and  tho 
"  nodes  "  Ac,  discovered  by  HertaL,  tho  really  novel  part  of  his 
experinieutH,  will  be  considered  later  ou  ;  hero  wo  have  only  to 
note  that  the  currents  in  the  sccondaiy  pair  are  merely  an 
illustration  of  long  known  facts  in  induction.  Tho  caeo 
resciDbles  the  magnetic  lines  of  force  ;  if  we  draw  two  magnetic 
poles  placed  like  the  Uorf  k  "  iuductora,"  we  know  and  can  show 
the  curves  extending  iuto  space  between  tliem :  if  on  those 
OTirveM  we  place  a  rod  of  iron,  we  know  it  is  nrngneiiKod  by 
induction  whenever  the  primary- magnet  is  energized;  wo  could 
place  two  such  jiiecos  near  each  other  on  a  cui-ve  and  thow 
K  and  S  polcK  developed  at  Uio  space,  and  magnetic  force 
existing  in  that  upace.  The  Hertz  "resonator," so  called, fnllils 
tho  exact  function  of  tho  two  pieces  of  iron,  only  it  forme  part 
of  a  lino  of  force  of  electric  indnetjincc,  and  shows  electric  force 
in  it«  apark  Kpacc,  in  the  earue  identical  manner  and  for  the 
same  physical  reasons  as  the  piece*  of  iron  manifest  magnetic 
liucB  of  force  and  do  work  in  a  magnetic  field.  There  is  no 
mysterious  agency,  except  so  far  aM  every  natnral  action  is  a 
mystery  of  which  we  can  sec  the  manifestation,  but  never  tho 
cause ;  then)  is  nothing  more  thwi  Home  actions  of  energy  and 
matter  long  studied  under  tho  n»me  of  '*  induction." 
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^ly  Theso  teima  are  the  couvorse  of  eaoh  oUier,  Imi  there  a 
tliia  unportaDt  dUTcrenoe — Bethlanix  ia  absolute  and  meaaurabla 
Id  lAaBoard  or  other  definite  untta.  Condiiclivilij  is  only  relative 
or  abstract ;  thoii)i;li  it  is  usoally  etateil  as  relative  to  copper  aa 
a  standard,  still  &is  is  ouly  relative,  as  it  fixes  no  dimettsions. 
Conductivity  is  asoertaiued  by  measuring  the  aetual  resistance 
in  a  given  case ;  then  by  calculating  what  would  bo  the  resist- 
ance of  pure  co]>per  in  like  conditions,  we  obtain  the  relative 
ConduoUvity  ot  the  substance  examined. 

514.  Spbcikic  CoKL-ucTiviTY. — Cudor  tie  same  conditions  of 
dimeDsion,  different  subsluucos  have  different  capacities  for 
ttaiiBuiittiu^  current;  thst  is  to  say,  diffu rent  molecules  differ 
iu  tUeirrolation  to  electricity  as  they  do  to  heat.  But  tliis  is 
not,  at  in  tlie  ease  of  lieat,  connectLnl  to  tho  atomlo  n'ei||;bts  of 
tlie  sobetancec,  or  to  any  as  yet  disuoverud  pbynlcal  jiroperty; 
BO  far  aa  w»  know  it  Is  a  special  properly  of  uach  substance. 
This  relation  is  most  easily  measured  as  a  "resistance"  of  a 
fixed  dimeurion :  a  unit  of  dimeusiou,  now  muoli  employed  in 
connection  with  the  C  G  8  system,  is  i  cubto  centimetre,  used  as 
in  Col.  III.  of  the  Table  of  Resistanoes,  p.  273.  where  "  specific 
rceistanco  "  is  given  in  tho  C  US  units  of  resistance  per  cubio 
centimetre  of  tlie  sulwtancti.  This  is  useful  witJi  liquids  and 
insulators  whose  rcsistauco  is  large,  but  as  relates  to  metals  and 
to  thoBo  using  only  tho  ohm  unit  it  conveys  little  meantDg,  and 
tho  familiar  form  of  a  wiro  best  conveys  the  facts  to  tho  mind. 

A  wire  cither  of  delinito  dimeiisioos,  such  as  I  foot  l«ogth, 
■001  of  inch  dismotor  (conveniently  call  a  mil,  which  must  not 
bo  confused  with  the  millimetre),  is  a  very  practical  unit,  which 
^xl\&  the  scientific  merit  of  illustratiuj;  very  clearly  tho  part 
whicti  nuif/iT  plays  iu  conduction,  and  distinj^shing  the  pro- 
perties of  diffcioot  kinds  of  matter. 

For  practical  purposes,  as  whero  wo  have  to  deal  almost 
entirely  with  one  metal,  copper,  for  some  purpose  a  wire  i  foot 
in  length  oud  weighing  i  grain  has  its  uses.  These  units  will 
bo  employed  hero,  and  the  Table,  p.  27},  derived  chiefly  from 


264  OOSnUCTlVlTY  A5D  RBISTANCE.  [5 1) 

the  lAbouTs  of  Mfithiviisan.  givoB  the  luoet  important  particHUrs 
employed  liy  olcctiicianB.  Ool.  II.  is  tho  epecifio  conductivity 
referred  to  Bilvcr  os  100.  The  cubic  centimetre  corresponda  to 
the  similnr  unit,  the  ecjuaro  millimetre,  1  metre  long,  which  is 
gODerntcd  hy  multiplyinK  tho  centirnQtre  onbo  by  lo.coo. 

J 15.  AUons  UBiially  have  a  higher  resistance  than  that  of  tho 
mean  of  their  componente,  whicli  appears  to  indicate  that  an 
actual  chemical  combination  has  occurred,  not  a  mere  mixture 
of  the  metals.  This  property  even  affords  a  means  of  cliissifying 
alloys  as  of  these  two  orders.  Thus  the  alloys  of  tin  and  lead 
differ  slightly  from  tho  mean,  while  that  of  tin  and  antimony 
has  only  ^'^th  of  tho  mean  conductivity,  indicating  a  mui-h  closer 
com  lii nation.  Other  physical  properties  attend  this  classifica- 
tion. I  have  even  found  that  the  specific  reeistance  of  u  wire 
offords  an  approximate  test  of  its  constitution.  Thus  the  reaist- 
Buoe  of  German  silver  wire,  reduced  to  the  foot  grain,  varies 
from  2 -Co  ohms  to  4'09,  according  to  tho  proportion  of  nickel  it 
contains,  that  of  pure  ooppcr  being  '^ig  only. 

Alloys  aro  also  affected  by  heat,  as  to  their  conductivity, 
diffBreiitly  from  pure  motak,  which  it  will  bo  stjen  reiidere  somo 
of  theoi  very  useful.  Particulars  are  given  in  Table  IX.,  below 
the  pure  metals,  of  a  few  of  the  most  useful  alloyu.  As  a  con- 
ewjutnoe,  ordinary  commiTciftl  motal8(wbic'h  are  always  alltg'od 
with  foreign  matters)  have  a  higher  reeigtanoe  than  pure  metalw, 
a  fact  of  great  importauce  as  n-garda  copper.  §  5.^8. 

All  <ix  peri  meets,  sa  fur,  indicate  that  the  electric  current  does 
not  separate  the  constituents  of  either  alloys  or  amalgams,  by 
eloctrolycis  when  in  a  slate  of  fusion. 

jifi.  Hardniss  generally  increases  the  resistance  of  motals; 
this  shows  that  transmiasiou  of  electricity  depends  upon  mole- 
cular coudttiou,  for  hardness  is  a  state  of  strou|;;cr  cohesion  and 
less  freedom  of  motion.  Annealing  diminiiihes  this  strain,  and 
allows  reaiUer  motion  of  the  molecules  among  themselves.  As 
time  and  the  passage  of  eleotnu  current  produce  softening,  it  is 
imnoTtant  to  use  soft  wires  where  resistance  is  to  be  constant, 
ana  where  it  is  reqaired  to  be  low,  as  in  galvanometers.  Soft 
wire  is  also  more  easily  arrangod. 

Mfdiariicat  Sirtaiet,  such  as  torsion  or  tension,  modify  con- 
ductivity, as  also  does  magnelitin  in  the  Case  of  iron  or  eteel. 
Ilitmulh  also  increases  in  resistance  when  placed  in  a  magiiGtio 
field,  and  a  thin  spiral  of  it  baa  been  suggested  as  a  nii-ans  of 
measuring  the  strength  of  such  fioldit  by  this  incroRSo,  as  tho 
incroasing  resistance  of  platinum  duo  to  hoat  is  employed  in 
pyronielers. 

517.  The  condactivHij  of  meialt/or  heat  and  eteetrieily  is  pmcti- 


I 
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oally  alike,  in  degn«tliat  U,Bot  Mtoutul 
this  b  a  very  •trong  imlioktion  tlut  tfaa 
ia.  for  both  forciai,  a  Mprfnfio  raolscnlar 
apcolal  tiuturi!  uf  tliu  rabstaaoes. 

ramfK<n  o/  fmf<crabv»  bu  •  !■— ili,bU 
OonduL'tivity  of  bcxlits*.      Am  m  role,  tl» 
dimiubtide  u  the   U-m])entiire  riaea,  wUb  thst  of 
oreasea.     Tha  iaflnc&ou  un  pnra  lostab  is  im«i1j 

M  regards  their  wtiul.  but  their  tdativo ' 

wbethMT  ft  netal  h*vo  »  liigfa  or  knr 

TOBiBtBiMM  ineraaMB  in  almuat  exactlr  th«  m»m  laiim    tm 

staoc«,  biBiunth  and  eopper.    The  lu^i  

tho  Table,  Column  YIlL  are  protablj  dM  to 

tiw  metals,  whioh  are  not  readilj  nhtafnwl  m  psrfcec  parity^ 

ifo«Mry,  bowerer,  is  an  exo^tiam,  owinc  lo  ik  b^sid 
ditign,  do  doubt;  and  ita  ali^t  rtlJaSBm  toa»     **" 
DM&t  of  advantage  in  treatiag  it  as  a  Maadaid  §m 

Bnt  oZ^*  differ  &«■  p«i«  natala  ta  haiaf  ■■• 
b;  change  of  tempontank  wlikb.  loguihir  wiA 
rewatanoo,  remlon  Umod  saitable  te  flMaavna. 

Auim  or  Gra/AiU  lowcn  ia  iHstaBsa  Iw  baal.  B  I 
de«oent  lamiM  fiowi  lamr  oormit  as  tba^  mbL 

As  the  cnm-nt  itself  baats  tha  wnc,  it  vans  Iha 
as  tboof;)!  tli<:  heat  were  ext«inal :  and  it  ia  iMfostaat  to 
a  low  jiowcr  in  mcftrarinc  naialaitfaaL    Tba 
fur  U:ii)[M.'mtar«  w  giTcoiD  f  Jtj. 

It  would  appear  that  the  rMMU 
alacilote  xero  of  tctnifTrutare. 

518.  LioiTT  MXh  CosuKnrrTT.    AlMfaviaita 
has  TeTjr  little  oondootlvitj,  bat  wb^  kept  jast 
point  fl3o^  C.)  for  aome  hour*,  and  akrwly  oddM,  H  __   _ 
cr)'stAUiDO  ooodttioD,  in  which  iu  riaislaans  fmjnmttjlm 
and  bocomcs  variable  nitdar  tha  iaiwaaa  Mf  figbl.     Ia 


Ktpoirr.         I 


cases  it  in  fiftoen  tinuM  gn^Utr  to  tha  daife  tkn  is  HBligfcL 
'i'hia  rarintion  ia  also  so  rapid  tliat  it  prodaasi  SO^aJ  ia  •  Mi*' 


phono  nnd<tr  the  tnflnaDOo  of  an  iatanaitt—l  mf  sf 
Other  Bubstonocs  ttodergo  siniilar  ohasfaa^  t«t  tUa  aab^sni 
be  dealt  with  in  another  chapter. 

J19.  OntDiHTTAitoL — Tbia  u  a  oonToniaat  Uts  aanr 
osod  to  ozprasa  tho  eondmtlimg  eafaeU§  of  a  nraait 
conditions  of  the  mccoaiit ;  it  is  uftea  sawl  to  be  lb* 
of  tho  rcaiaUnoo,  beosDss  the  eoooeptioa  td  tmii^mmi  !• 
meaaurod  unite  was  first  oJaarly  ddlnsd,  hot  la  pviadfla  fba 
roTorae  is  tito  caao ;  tba  ocndadtaaa*  la  tba  nd  betf  Ifca  natau 
■aco  »  mathMnatioal  ani£e^  ••  nfUatA  %  i^S'     ^^  ^' 
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Thonwon  propoeed  to  express  it  in  a  unit — the  mho — wHch 
Ml  (ho  iDToree  of  ohm,  but  the  t*rin  does  not  find  favour. 

520.  Kisictahce; — It  has  been  afaowu  thnl  this  term  inolndoB 
two  distinct  conceptions:  (ij  the  arithmetical  ox  press  ion— the 
reciprocal  of  the  oonductauco  ;  (i)  tlie  euerj^y  eipondcvd  by  the 
current.  It  is  of  great  importance  to  beep  this  distinction 
clearly  in  view,  for  the  law  of  sectional  area  or  diameter  of  a 
conductor  is  related  only  to  the  first  ooaoeption,  while  most  of 
the  other  facta  of  resistance  relate  to  energy  expended.  The 
clenreet  conception  of  the  whole  subject  will  be  attained  by 
fixing  tho  ideas  upon  tbo  single  molecular  chain,  trausmittiug 
a  unit  electric  current,  as  sliown  i>.  259,  and  picturing  cod- 
dnotors  as  built  up  of  eepamte  unit  coains  as  explained  S  488. 

The  Ohm,  10'  COS  units,  S  419,  is  tho  measure  of  resist- 
ance, represented  by  loS-j  centimetres  of  i)uro  mercury  at 
o"C.  of  I  square  loillimetro  section.  The  B.J.  unit,  Uie  original 
Blandard,  ia  now  found  to  bo  equal  to  ohm  '9866,  and  i  new 
ohm  ia  I'Oijji  B.A.  units. 

531.  But  as  nearly  all  existing  inBtminentB  have  been  ad- 
justed to  tho  It. A.  unit  (then  called  tho  ohm),  and  the  Post 
Office  continues  to  nse  that  standard,  having,  in  common  with 
every  ono  but  n  few  PnofoBEors,  refused  to  have  anything  to  do 
with  the  si)-called  "legal  ohm,"  it  is  probable  that  thia  will 
r<riiiain  in  use  fi>r  miiny  years,  beiuu  corrcctod  by  the  above 
conxlaut.  KcsiHtanco  instnimenlit  are  tuo  costly  to  uithur 
throw  aside  ur  re-adjust,  and  we  must  look  forward  to  aome 
eODKiiIt^rable  confusion  for  a  time 

All  the  tiatncs  given  in  this  chapter  relate  lo  the  B.A.  unit,  anil 
need  multiplying  by  -9866  =  log  i  ~*994IJ.ii  to  convert  tliem 
into  the  new  ohma.  I  have  not  recalculated  the  vnlues,  because 
Bercrnl  th.ings  connected  with  theui  are  not  yet  definitely 
oaoertnined,  and  these  tables  being  BtereotyjHid,  this  labour  and 
expense  are  deferred  until  the  actual  values  caji  be  retted  upwn 
AS  final.     SceS  417, 

533.  Bmttanec.  le  often  said  to  bo  a  velocity.  'J'ho  statemeiit 
convoyH  little  or  no  idea  te  most  minds,  and  in  fact  in  this  form 
it  has  DO  meaning ;  it  is  a  part  of  tho  artificial  system  of  mathe- 
matical electricity.  Dr.  Loilge  will  not  be  suspected  of  heresy 
on  tliie  subject,  and  he  says, "  It  is  sometimes  asaurted  that  an  ohm 
isa  velocity,  by  tlioae  w]  10  ignore  the  fact  that  it  ia  only  a  velocity 
oil  ft  conventional  system,  yet  nothing  of  the  kind  is  connoted 
by  the  term,"  The  conventional  Byslem  is  thut  of"  Diraeusious," 
§41;,  and  the  dimensions  of  resiaUince  iiroL~'T  on  the  electro- 
static  system  and  L  T~'  on  the  electro -magnetic ;  that  is  to  say, 
the  exproKioiia  fur  all  these  units  are  different  under  diflerent 
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convontions,  tlioiigli  tho  thine  Ittoit  is  tho  tamo:  tliisdisoro- 
DttDcy  is  mucli  more  ittriking  in  sumo  othor  cascii>  1>iit  it  dhows 
now  careful  thu  dtiideat  shunld  bo  not  to  make  Uia  uoiumon 

tniatake  of  suppusiog  thnt  mathomatica]  syiubala  ropreseiit,  of 
UQOOHsity,  any   uctiml   truth.      Thiwo  "  dimouMons  "   showiDf;  J 
motiun   in   time,  (wrrcBpond  tf>   txlocitj) ;    but   tho  "  eluctrical 
rcKJHtanoo  "  is  a  iiiero  cruntion  of  Ohm's  formulcD,  nni]  expri-eiitia 
simply  "  tlio  rutin  of  tlie  energy  dissipated  por  socoad  to  tlia 
mvaD  aquaro  uf  tho   etirrent,"  and  may  bo  coDsidoreil   a§  an 
obKtructioTi  whidh  expends  energy  in  an  irrororsible  operation. 
531.  Impedance  is  ft  useful    term,  ono  of  many  devined  by 
Mr.  0.  Hfttriitidc ;  it  la  now  adopted  and  repri^evnta  r*»%slanea 
proper  +  Ifrnpttrary  refi»lance  :  that  is,  it  incluilcis  with  thti  irre-  i 
vcreible  energy  <if  resistance,  tho  revoniblo  stored  energy  of, 
inductauce,  §  498,  and  it  is  measured  in  tenas  of  tho  "  henij,"  ' 
S  4JO.     Iiupudnnue  folates  only  to  intormittont  and  alloriiating 
currents,  and  tho  phenomena  montionod  S  501,  and  in  the  ratio 
of  tboolfuutivo  EilF  to  tho  effective  current,  S  411- 

?>4.  Svmii  of  tho  ruioaruhcB  of  Dr.  Xiodge  intu  tho  pbenomonA 
ightning  (or,  fa)  1)0  wirrcot,  artiSciiil  lightning  in  the  furra  of 
OBOiUatiug  ilinohargiw  rnim  Leydvn  jara)  illnHtr«te  tho  need  of 
realizisfc  them  fnnotions  of  imixMhince.  He  found  that  with  very 
groat  "  friMjimncy "  ordinary  resistance  wan  of  littht  monic-ut. 
And  that  tho  nintorlnl  of  a  conductor,  as  copper  or  irun,  niado  no 
differcnoo.  Ho  says, "  The  impedance  of  a  conductor  jj  mtttros 
long  bent  into  a  circle  was 

J  80  ohms  for  thick  wiro   Ko.    3  ]  at  12  millions 
300  ohms  „   thin      ,1     Ko.  40  /    per  second, 

tho  ordinary  B  being  '004  ohms  for  thick  and  2*6  for  thin. 

43  ohtns  for  thick 
73    .,        „  thin 

at  a  quarter  million  the  nintorial  bcgiiiH  to  matter." 

51?.  Bksistasce  ani>  WoiiK. — If  an  (ibctto-maftnet  he  exolt 
by  a  bfttterj*,  a  current  will  pass  proportioned  to  the  E  M  F  1 
to  tho  measurod   R,  and  tho  expenditure  of  energy  will 
mensurod  by  C  X  K-    Now  give  tho  magnet "  work  "  to  do,  aa  ■ 
in  rotating  an  armature. 

I.  Tho  current  will  bo  rodnwd. 

3.  Tho  ezpendituro  of  energy  will  bo  greater  than  C  X  R,  or 
E  X  C  will  eJiow. 

This  extnt  exnendiluro  of  energy  can  bo  treated  as  an  ad- 
ditional R  caused  by  induotaiice,  and  tho  sum  of  tlicee  bocomt.-B 
"  Impodauco"  which  replaces  B  in  Ohm's  fonn.ti,\a.. 


j  at  }  millions. 


cosDUCTivirr  juro  resistance. 


The  value  of  work  as  U  may  bo  calculated  by  meaenring  C, 
sml'  also  E  bctwocn  tho  two  parte  of  the  circuit  which  coDtftia 
tho  work,  and  of  which  R  is  mcasarod  whUo  not  working :  thou 
E  X  C  X  J  (§  4^6)  givoB  tho  whole  onorgj'  oxpendod,  and  C  X 
B  X  J  that  coiiBiimed  in  tho  R  of  tho  circuit:  also  E-^O  givoa 
tho  ^ross  R  (the  impedance),  which  by  doduottng  tho  measurod 
H  gives  iho  equival^mt  resistance  of  the  work. 

5  26,  A  coantcr-rleclromotive  ftiri-e  may  often  bo  nieasnred  ns  a  ro- 
sietanoo  in  the  bridge  or  differential  galvanometer,  and  balanced 
by  a  length  of  wiru  or  taeasured  rcteistancc ;  but  this  meaeiiro 
will  nut  he  constant  for  all  currents  as  an  ordinary  reeietance  is. 

Inductance,  static  and  magnetic,  i  4S9,  which  store  euvrgy 
and  givo  it  up  in  the  extra  current,  act  as  such  a  —  E  M  F,  und 
may  (when  work  is  not  being  done)  lie  CJilcnlaied  from  thu 
current,  for  as  C  is  as  E,  when  resistance  is  unohangcil,  thu 
observed  C  and  menRured  li  give  the  pffcotive  E  by  C-^R,  and 
this  deducted  from  tho  E  oj>erating  in  tho  circuit  gives  tho  —  0 
set  up  by  the  rc-aclion. 

527.  (JoNsEcuTiVK  ResisTAKcEs. — Each  porlion  of  the  circuit, 
1.0.  the  various  colls  of  a  luattory.  the  connecting  wires,  any 
instruments  used  or  work  done,  having  each  their  sejiaratb 
rvMistauccs  moasm-ed  or  known,  these  are  addpd  togetnor  to 
form  the  total  resiatnnco  of  tho  circuit.  It  it  only  tJiis  total 
which  can  bo  directly  calculated  by  Ohm's  funnidu,  but  tho 
voriouB  onternal  resistances  may  be  ascertained  by  that  formula, 
by  the  variation  of  the  cnrient  as  each  is  added  to  the  circuit. 
For  tliB  internal  resistancu  of  butteries,  see,  $531. 

jaS.  D&airHO  CmcciTs,  see  S  444. — When  the  current  divides 
into  two  or  more  brunches  for  a  part  of  its  ooiirae,  the  joint  re- 
sistance of  the  united  circuit  is  ascertained  by  the  following 
formnlK,  the  separate  rBsistauces  being  first  SBoertained  by  tho 
nan&l  prooessos : — 

A  xB 
(')  "i — i~u  ~  ^-    "^'^^  joint  resistanoo  is  the  product  of  tho 
A  ^  B 

two  rosiatanooa  divided  by  their  sum.    Thus 
•59 +  -64        1-03 


=    243. 


When  there  are  more  than  two  paths,  having  obtained  the  joint 
rosistauou  of  two,  this  is  used  with  another  in  the  same  manner. 
Let  C  bo  another  such  path  having  a  resistance  1  -5,  tbeu 


•'4'  X  i-9_  MS^fl 
■242  +  1*9      2  143 


=  -215. 
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(3)  It  iH  hioru  unity  to  ubtain  Ui«  joint  KHUlanco  by  means  of 
I  ft  toblo  of  rociprocnls,  thu  miui  of  the  reciprocnis  of  tnu  aepiit^to 
[nsiatiiDctut  licing  tlin  reciprocal  of  the  j«int  rutUtnuce.     (The 

ittctprooul  of  a  iminbcr  is   1  divided  by  it ;  tttbl<i8  of  reoiprooals 

aru  givoii  ill  many  books.J 


A=  "39 
B=  -64 
0=1-9 


rcoiprocal 


3-564 
i-;6j 


N 


W 


Joint  resiatunco      ^-C^i  =  -314. 

ThiH  is,  in  fact,  adding  toggtlicr  tho  condaclancos  iu  mlioa, 

( j)  Another  plnn  may  bo  derived  from  the  ayatem  of  wire  re- 
Bislance,  S  469.  If  wo  nxluco  eacb  rosi«tanco  to  the  t«nnsof  Ilia 
area  of  a  copper  wiro  of  i,  10,  or  more  feet,  tho  sum  of  tboBa 
areas  roprcaents  a  wiro  cqiiiv>tcnt  to  tho  joint  resistance. 

$29.  SiiUHi's. — 'riioeo  am  dvriTed  eirvuiu,  S  ^iS,  and  tho  term 
ia  derivcit  from  tlie  niilwruy  prowtui  of  ihitnlin^  n  train  on  to  a 
second  Get  of  rails.  Of  ouurau  any  vriro  led  acruaa  coonoctiona 
act^  OS  a  ahnnt  for  jtut  such  part  of  itiv  ourront  ab  cquala  tho 
ratio  of  the  rosiiitanoc,  and  tberufuro  a  aecond  rMiatance  iiuitru- 
moiit  Bcrree  the  purp>jH(! ;  but  it  in  more  oonvenivnt  to  propan 
a  Riiecial  wire,  eijuul  to  the  known  rvdstanM  of  tho  gnlvnno- 
molur  or  other  inetrumeiiUi  it  is  to  bo  used  witli,  and  luhel  it 
with  the  nur[ioac-  it  in  mmle  for. 

For  other  ocoasioim.  ahuiita  are  reijnlred  brnring  m  known 
ratio,  ),  t-iolh,  I'lootb,  &c.,  of  the  circuit  they  are  to  bo  nnol 
with.  The  following  formula  gives  the  proportioimto  rc-MHtnnco 
In  auch  casc«.  It  is  the  rcsistanceof  the  inKtruuieut  whoae  iiidi- 
eulions  wo  doKiro  to  rowltinly,  n  tho  multiplying  ratio,  aiidij  the 
reaistanoo  to  bo  given  to  the  shuiit; — 


S  = 


R 
n  —  1 


ex. 


H 


100 


ir;  =  '5J5J 


Of  course  tho  addition  of  a  slinut  to  any  portion  of  a  circuit 
luwere  the  reBistaooo  and  inoreasea  the  curruiit,  nnlew  an  extra 
reaiatance  is  Inserted  aiiinowlieie  e)ae  to  cuinpunKnto  for  the 
ahuDt,  just  as  the  imierliou  of  a  galvunumolcr  to  mcaeuro  a 
current  lowers  tho  curreut  {irevioualy  paaaiug. 

Shunts  ahould  be  made  of  th«  saniv  matdrial  m  ibe  drcmt 
they  are  used  witli,  iki  as  not  to  huve  their  rudoa  disturbed  by 
external  tompomture,  S  517. 


cfixpnenvmr  and  besistasce. 


[5JO- 


It  U  impOMTblo  to  avoid  tho  «ffec:l§  of  selMn-nt.ing  Yiy  tho 
current :  in  order  to  hnve  tlie  same  action  in  both  circiiit-s  tbo 
wire  of  the  shunt  ought  to  incrcnsa  in  wnight  in  the  same  ratio 
M  the  current  it  cariiee ;  but  for  obvious  reasons  of  economy 
and  onvonioQco  this  cannot  be  done.  In  fact  tho  rovcrso  ia 
nearly  always  the  case,  a  thinner  ami  shorter  wire  being  used 
instead  of  a  thicker  and  longer.  Therefore  no  shuuts  Biippliod 
with  galvanometers  can  be  relied  on  if  more  than  momeutaiy 
currents  aro  passed  through  them. 

5JO.  GilU  o/n  BaUerij  aro  derived  circuits  to  oaoh  other  whan 
tJiey  are  coupled  in  jiarallel  or  multifile  urcand  they  divide  tho 
current  upon  the  pmiciples  explained  §  528. 

Cells  to  bo  coupled  in  multiple  arc  may  bo  of  variouB  bizoB) 
but  must  be  all  of  tho  same  kind  and  of  isjual  E  M  F ;  tho  stronger 
oells  reverse  tlic  current  of  the  weaker,  and  loss  current  passes 
to  the  external  circuit  thau  if  the  weaker  cell  wore  not  used, 
and  yet  tho  stronger  cell  is  mon?  rapidly  exhausted.  Zinc  m*^ 
also  bo  dcpoHJted  on  the  uegiitive  plato  of  the  weaker  cell,  if  it 
is  a  single  liquid  cell.  So  iilso  when  a  number  of  ccIIb  aro 
arranged  in  sota  in  aeries,  and  then  euiipled  in  multiple  nrc,  all 
of  the  net**  in  one  coupling  munt  contain  the  same  number  of 
ocUs,  KO  tlutt,  when  iu  multipk'  iire,  each  brnneh  may  have  tho 
same  E  M  F.  In  ihiH  way  c>.-IIh  of  dilTereut  sixes  ntid  forces  may 
be  used  ill  0110  circuit,  and  combined  in  both  ways  fur  Bmnll 
reBistanm  (multiple  aro)  and  high  EMI''  ^in  iierie»). 

531.  InUrnal  Retutanct  of  Cw*. — This  la  nubject  lo  the  same 
laws  an  wires,  but  depends  on  the  specific  couduelivity  of  llio 
liiiuiilti  cuntained,  and  varies  lliereforc  during  work,  m  the  acid» 
booomu  convert«d  into  salts.  &c. 


HEAf^UREMEitT  OS   InTSUSAL  BgSISTAXCE  OF  BaTTKSIES. 

(i)  Bij  Ohn't  /'ortnara.— E4-0=  R.  This  is  the  total  reeiat- 
ancc,  and  deducting  tho  external  gives  tho  iiitenial. 

(i)  By  the  Oah'anometer. — With  any  known  renslanoo  pro- 
'  duco  a  deflection  :  add  resislauoe  which  prodiieoH  a  dellootion  of 
just  hftlf  the  current  value  of  the  fiiat;  thin  implies  that  the 
Booond  extra  reaistanco  is  exactly  the  aamo  as  the  total  of  tho 
fiiBt;  tliorefore  it  ia  only  necesMiry  to  deduct  the  knowD,  or  ex- 
ti^mal  reabtance  of  tho  tirnt  deflection  ft  oin  tluit  of  the  secoud  : 
tho  TOilduo  is  tho  intcmpil  resistance  of  (he  battery,  together 
with  that  of  any  coimocttDg  wires  not  included  in  tho  first  ex- 
ternal reuatiiiice. 

(3)  By  a  Shunt. — Prepare  a  shunt  of  a  resiBtance  cxadly  ciiual 
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to  th«  Bum  of  nil  tlio  other  cittirnitl  rcAiataooos — \iz.  Uie  gal- 
TikiiORieter,  and  all  tlio  ounnoctioiiii  (uiid  if  any  work  ts  doin^, 
tliu  Kaistaiice  of  tluit  also).    Fig.  6}  nill  now  mtkc  all  plain. 


I  First  oonnoct  as  Bhawn,  so  that  tho  current  divides  tiself 
through  tho  two  equal  rosistancoe,  (i)  H,  the  ehunt.  (3)  Q,  tlio 
gnlvaitoinetor,  and  It,  tho  resistanco  i&Btniniant.  Noto  the  do* 
Seutiun  oarefally  nod  then  dtticoDnuot  tho  ahunt  S :  the  wholu 
current  noiv  pass>?s  tliroiigh  tho  other  drcait ;  the  external  reaint- 
uice  is  Qow  doublod,  bccftu«o,  by  tho  laws  of  derived  circuila.  tho 
re«I(tftnGfl  of  two  ocxiial  ciruuitK  togotbor  u  half  that  of  either 
alono,  hut  the  internal  rwiiiitnnou  of  NP  romaiua  unchangod. 
Ni>w  odd  rciaistanco  nt  U  till  tliu  Kumo  dofloction-  at  at  flrst  Ir 
prodoood  in  U.  This  extra  roaiatuioo  ia  equal  to  the  internal 
reftistanoo  of  N  1*. 

Moihode  3  and  i  have  tho  di«iidvftntag<;  that  with  many  fonuH 
of  hiittery  tho  E  Hi  F  vnriw  with  tliu  rate  of  cnrront,  so  llmt  ihc; 
conditions  ore  difft:renl  at  the  tiniu  of  the  two  measntea. 

(4)  Mance'i  method  avuidn  tliif^  and  t^nahlva  tlio  lefiiBtauco 
corresponding  to  any  rate  or  density  of  ourront  to  bo  nieaaunad. 
it  is  a  modilicatioii  of  theWheatstonebridfco,  and  will  bo  under- 
Btood  by  d  reference  to  Fig.  51,  p.  aaS.  Iiiwirt  tho  battery  to 
bo  moaeurcd  in  C  and  a  retiiatanco  ineaourD  in  A  na  usual :  no 
estemnl  Imttcry  is  uaed,  but  a  contact  bruak  n-])l[iccs  it.  If  the 
double  brenk,  i'ig.  54.  is  ou  tho  bridge,  niiring  j  i>hr>uld  bo  filed 
down  upon  Bind  4  to  kee|i  tho  galvanumetor  circuit  closod,  and 

tho  ordinary  bntti-ry  counectione,  as  -j Fig.  j6  connected 

Tcith  a  wir<T,  when  tlie  upper  pair  of  springs  will  act  as  the 
roquirod  broak.  It  will  be  aeon  that  the  current  from  tho 
battoiy  in  C,  Fig.  51,  luta  now  two  circnits  from  F,  ono  through 
tlio  giilviinoinettr  and  the  other  through  U  B,  lioth  uniting  at 
£  and  returning  to  C  tlirough  A.    If  A  x  I)  =  'V^  v.  ^t'Oosa 


^^ 
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climing  oi  tlio  oxtcnml  contact  ivitl  luatio  no  change  in  the 
ruuliD^  un  tlie  galvAiiomctar,  through  w-tiiob,  in  tbu  use  of 
the  brnlgu,  current  is  always  po^siDg, 

The  rcBiBtunoo  of  n  gatvanoiuc-tei  can  be  measured  in  this 
way  hy  iU  own  reading,  i  f  placed  in  C,  and  the  battery  as  nsiiat 
iu  tbo  external  circuit.  This  is  the  usual  form  of  using  tho 
bridge,  but  requlreo  no  galvauometer  in  EF.  Wlion  cluGing 
the  break  in  E  F  make*  no  cbiingo  of  the  reading  in  the  gol- 
▼anoiueter  tn  C.  Tbc  rcsiiitance  in  A  oqnaie  that  of  tho  galraao- 
meter. 

There  are  sevoml  other  proocBsee,  but  they  require  fortnul*) 
and  calculations,  and  I  have  selected  the  rurog'>ing  nrndes  of 
tneasuriug  the  reaifitnnce  of  batteries  «s  the  siniplci^t  in  principle, 
most  rettdily  performed,  and  accurate  in  results 

5J2.  Rrtitlance  o/  Me(aU.—1'a.h\e  IX. gives  the  values  derived 
from  Mat!  I  lessen 's  measures  taken  in  cennection  with  the  prepa- 
ration of  ibo  Diiginal  ohm.  Later  determi  nations  differ,  and  a 
act  by  Iti'uuit  may  be  found,  p.  112,  vol.  iv.  of  the  'Journal  of 
tho  Society  of  Telegrapbic  Engineers;'  but  Mathiessen'a  values 
mn  generally  received,  aud  biit  weU-known  care  and  the  means 
at  hiB  disposal  justify  the  retention  of  bii«  Tolues. 

DiCferont  figures  are  given  iu  various  bouks,  and  the  speoiflc 
gravities  and  resistances  are  not  too  certainly  known  yet.  But 
lis  it  is  absurd  to  give  discoriLaiit  values  in  one  tabic,  1  hnvo 
calculated  them  from  the  two  values  of  Cols.  Vl.  and  VII.; 
should  any  other  values  be  deemed  more  aoourate,  there  will  be 
no  difficulty  in  altering  tlic  whole  range  of  values,  which  are 
pbyeically  dependent  on  each  olLcr.  As  mentioned  S  Kit  these 
figures  relate  to  the  It  A  unit,  n<it  to  the  newly  de6ned  ohm. 

Col.  III.  is  the  tfceijie  rejrlnlanee,  §  ^14,  that  of  I  cubic  cenli- 
motro  expreMOd  in  microhms.  By  snilting  the  decimal  point 
6  places  to  the  left  it  becomes  ohms,  aud  by  shifting  it  3  pluces 
to  tho  right  it  beoomes  C  G  S  units:  thus  copper  =  i'£^2 
microhms,  '000O01GJ2  ohms,  and  iC^a  OG  S  units.  Microhms 
are  convenient  for  metals,  ohms  for  liquids,  ami  megohms  for 
dielectricB.     8ee  also  %  514. 

The  line  of  carlwin  is  derived  from  my  own  expcrimeuts,  and 
relates  to  the  artificial  cnrhons,  such  as  are  prepared  for  the 
Jablohki'ff  (aiidles  and  arc  lamps.  The  specific  gravity  is 
prt)bttbly  gn^uter  in  the  carlioii  of  incandvaoeut  lamps,  but  it  i« 
scarcely  pemiihle  to  uieaAUre  it,  ua  the  adhering  film  of  air 
prevents  its  being  jiruperly  weighed  in  water.  It  is  prolmble 
also  that  tho  sjiecific  reaistanoe  is  lower,  but  to  discover  this, 
cither  the  sjiecific  gravity  must  be  known,  or  tho  diameter, 
which  ia  equally  difficult  to  measure  experimentally. 
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II.         III. 

IT.        r. 

VI.            VII. 

VIII. 

EpccIOa 

OmdncUrllr 

KtMUnia  It  J]" 

lUtm  —  lag. 

Fijii.iin  (i.L.i»ui 

Vuh' 

UcUUFWT. 

OMtHJ 
=  1. 

Itadrt. 

tlKlft. 

=  K 

W«1(l.t. 

SKilML 

«rrl)thlrLj 
t  grilu. 

ot  1  Dill 
lliUDtltF 

I'ruir. 

Alntnlnun 

'■>7« 

i-9*4 

104 -OS 

s:-t; 

-loHi 

17--) 

, , 

AoMmony 

6-715 

jcvo: 

6-4« 

4-J4 

J'456 

5l6'CO 

-116 

III  Hill  ut)i     .. 

9  fli7 

1)1-658 

1-19 

'■>( 

lB-64 

798  ■ 

-196 

C<'i'i>cr,  IibM 

8'9oj 

I'tjj 

lOJ-IJ 

91-ob 

-3106 

9-940 

., 

..      t«n    .. 

8-917 

I'6i6 

io;-J7 

94' 17 

■1064 

9-7(« 

■lis 

OoM,  snFt  ..      .. 

I9-6S9 

J'OBi 

17-ejj 

7J-09 

-58*9 

11-53 

-101 

Irou.  soft   ..      ., 

7?8t 

9-815 

lo'ta 

15-6) 

I-09T 

J9-f5 

.. 

Lutit,  prcwod  .. 

"■»' 

i9*84; 

6-84 

7-ii 

)-:)6 

119-J9 

■J'J 

Mcfourjr     .. 

iJ'S-ja 

96  185 

1-18 

I-JB 

ta-;!o 

5;«-6o 

-040 

Niokd        ..      .. 

8-513 

ii-5;i 

14-45 

tJ-o8 

'"(!5 

75-78 

.. 

Plftlinum,  loft .. 

"■4j; 

9-'5« 

7-88 

16-56 

»-e:o 

55-09 

.. 

ailvcr,  hud      .. 

:o']4> 

1-65: 

9f4S 

9»-ie 

•S411 

9"9J* 

'309 

„      loft 

to-ifS 

l-5» 

loo- 

100- 

■1)14 

9-151 

. , 

Tin.  preuod     .. 

J*i»« 

')*H9 

I! -86 

irj9 

'■!9* 

6o'j6 

'101 

Zinc,  ptcHcd    ., 

7-16: 

5-689 

37-97 

16-7-t 

■SBJI 

J+-» 

•SOJ 

^K               JI7n!/<. 

Bnu ..      about 

e* 

e'i6fi 

ii'iS 

18-45 

-99je 

49' 7» 

I  • 

Our  ma  11  lilvrr  „ 

e-in 

3fi65 

e-ji 

7-19 

1-651 

ti7-)> 

■OJ4 

1  Eilr,T,  )  l>Ut. 

IJ'CIl 

T4-C6' 

5:1 

6-ij 

4-t4J 

'48-55 

■OIJ 

t  Silver,  1  Gold 

rs'ioj 

19-9BB 

9*s6 

IJ-84 

)-J9" 

66-10 

■0J6 

Corlion..     nbout 

i-S 

4196' 

-ijoj 

■oj6j 

96-080 

)iJ40' 

.-eio 

Fiirtber  iafoniiatioii  may  bo  found  by  thoeo  who  wish  to 
■tudy  tho  facto,  in  pnpors  which  aro  printed  in  tho  '  Electrician," 
(Qonerol  lteB*>arches  by  M.  Weiler,  vol.  xv.  p.  4j6;  £xponnionl8 
on  Arc  Ciirbuiie,  vol.  sv.  p.  161 ;  ntid  on  Mercury,  vol,  ixv.  p. 
J43),  aooorOiu;;  to  whicti  tho  value  nf  a  millimetre  oiilumn  of 
moronry  lOO  oenliinetivB  bigh  is  BA  unite  '95J52  iusloiKl  of 
'96185  lui  the  table  shown.  Improvements  lu  tho  working 
of  copper  hiiv«  aluo  rcBultod  in  pnKlucing  mutal  having  104  per 
cent,  tao  conductivity  found  by  MathieKSL-n  :  but  tho  cbungos 
tnaclo  in  thu  valuea  of  the  etandarda  theuiselvos  ntahcH  triio 
oompAriiion  vury  diftiuult. 

5JJ.  CoEUiECTio.s  Fail  TEiiPERATiJEE. — It  IS  oonveniunt  to  adjust 
retiHtancea  at  tlio  ordinary  tcmpcmture,  60  Fulir.,  and  tho 
values  arc  given  in  the  formula  and  tables  at  tliat  point,  Hut 
it  in  nticessiiry  for  many  purposes  to  know  the  resistance  at 
teinporatures  diRereut  from  that  of  observation,  for  temperature 
playu  a  very  iuipoitaut  part  in  tho  rosiiitaiuM  «1  -mx^sa-,  S.wWX, 


L 
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It  is  difftcult  to  get  tlio  aaiue  resistauce  twico  for  a  piece  of 
oopper  wire,  if  it  is  touched,  or  If  the  el't^hUi&t  change  takes 
plaoo  in  the  room.  Tables  of  ooirectiou  are  giveu  in  mauy 
works,  but  they  never  point  oat  that  these  tables  only  give 
a  part  of  the  oonection  required;  they  deal  only  with  the 
temperature  of  the  wire  itself,  btit  leave  out  of  sight  altogether 
the  variation  which  .takes  place  in  the  meamretiient  imlrument 
ittelf,  though  this  is  one-tenth  of  that  of  the  copper  wire  as 
regards  external  tem]>erature,  and  greater  than  that  of  tho 
wire  as  regards  any  heat  produced  by  tho  toirrent  itself.  Tho 
latter  cannot  bo  dealt  with  except  by  careful  valuation  in  each 
ease ;  but  for  ordinary  resistance  measurement,  with  small  and 
momentary  currents,  the  external  action  alone  need  bo  con- 
sidered. Instruments  for  uieasuriDg  resistance  ou^ht  to  havo 
niarked  upon  them  the  temperature  at  which  they  arc  correct, 
then  the  correction  for  actual  temperature,  say  in  copper  wiro, 
would  be,  not  that  for  copper  merely,  as  given  in  the  ueitnl 
tables,  but  this  less  the  simultaneous  variation  of  tho  German 
silver  wire  of  the  instruments.  Thus  for  each  degree  Fahrenheit 
near  about  60° — 

Copper  varies  as  i  to  ..  ..  i'o02i^log  o'ooog^iy 
Gormau  Mlver  varies  as  ..  ..  1*00014  ■•  o-ooojii6 
Combined  correction  at  60°    ..      I'OOigi    ,.    0-0008287 

Tho  variation  occurs  not  eqtially  for  each  degree,  hut  Tiy  a 
curve  represenled  according  to  the  experiments  of  the  British 
Asaociation  Committee  on  Electrical  Standards,  by  the  formula 
for  tho  lesistanco  it  at  tempotaturo  (  (Centigrade)  from  tho 
leaistancv  r  at  zero,  B  =  r  (i  +  a  (  ±  b  rj. 

a  6 

Piiro  motala       o"oojSJ4    +  o-oooooiiiS 

Mercury     0'ooo748^  —  0-000000398 

Oermau  silver 0-00044}} -1-0-000000153 

Flatiuum  silver  ..     o-oooji 

But  for  all  ordinary  purposes  tho  correction  nhoro  given  will 
•nfflce,  multiplying  the  decimal  portion  or  tbo  tognrithm  by  the 
number  of  degreee  (not  by  the  io};arithin  of  tho  degrees),  and 
multiplying  the  resistance  oheervei!,  for  higher  tprnperature, 
and  dividing  for  lower  temperature ;  adding  or  itubtrncting,  us 
required,  the  logaritlimiu  wrrectiou  to  tho  logarithm  of  tho 
observed  resistance. 

Thus  to  correct  from  60°  to  Jj",  or  the  freodng  point  (sero 
Cent.)  IB  2B°  '00215  X  28  =  i-o6oi  for  copper.    The  correct 
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flgare,  i  'oSoj,  differs  very  slightly  from  this,  and  tho  mode  of 
eorroction  is  shown,  S  5  jrj. 

It  is  probablo  tliwt  thcso  figtiros  nppiy  only  to  looderale  heata, 
and  Midler  giveB  the  following  rcsistwnoes  for  high  U-mperaturea 
of  certain  wires  oiperimoDted  on. 


» 


Iron, 

Ctopptr, 

llAtlnma.         ' 

0"  Contigmdo 

640 

0"  ContlgnwJo 

ii4 

0°  CcntigTodo       i8;o 

si"         r      ■■ 

bql 

!.»             ,.         .. 

864 

31"         „      ..     1986 

i^iO        „       .. 

■(Co 

Slii;ht!j   incan- 
Anteeat 

!}«> 

^^'ttt'-ri  4.- 

Dark  r«<l 

{100 

Oitminn  red  .. 

Uio 

Roil  hot  ••     ..    4;oo 

Itrtglit  nd 

}650 

Ilrick  l«iJ 

JJOO 

Ornnga    .,      ..     ;4oa 

WliitoLut       .. 

4BB0 

Driglit  i«<l 

4?M 

Liglit  j-oUow  ..     Coos 

On  tho  othor  IiMid,  carbon,  as  iit  the  iucatidoscent  lamp,  has  a 
tesistancc,  when  cold,  jiist  about  double  of  that  whon  at  full 
light-giving  tcniiwratiiro. 

i>}w:ijic  halt,  tho  quantity  which  ratsos  unit  weight  of  any 
Bubstiinco  1  dogriii  in  lymporatnre,  inereaieg  as  the  temperature 
approach<^«  thu  point  of  a  change  of  physical  slate,  suofa  a& 
^fiisioR.  But  Sionu-ns,  in  hifl  ezperimeutM  on  cloctrio  pyromelcirs, 
found  tho  incroaso  of  rewstanco  by  heat  reduodl  as  tho  tem- 
perature rise«,  and  that  the  reaistanco  of  •  metal  may  be 
expressed  hs 

R  =  o  ^  +  ;3T  +  y 

R  boinc  the  rcsistanoe,  T  the  abeolute  temperature  freclconcd 
from  dbKoIuto  Jioro,  —  275'7'' Cent,  or  —  ^-lO-CC  Faor.),  and 
a  ^  y  BTO  coufficionts  related  to  the  particular  metals. 

5J4.  DiMEssioss  OP  Wires.— For  electrical  purposes,  io  ftddi- 
tion  to  the  ordinftry  commercial  coiwido rations  of  weight,  leiigih , 
and  strength,  we  must  inoludu  oleotrio  resistance ;  so  that  if  we 
fix  upon  a  definite  unit  which  iocludefl  weight,  length,  and 
raiatunce,  all  oouuderations  are  resolved  into  mere  multiples 
of  that  unit,  as  ehown  S  4SS. 

Although  we  may  buy  and  speak  of  wtrca  by  their  diameton, 
this  principle  means  that  wo  nhould  thinlc,  not  of  Ihoir  di&met«n, 
but  of  their  seotional  ar&o,  which  varies  iu  the  ratio  of  the 
sqiiaro  of  the  diaineter.  We  mnnt,  in  fact,  regard  the  wires,  not 
IS  single  oylinders,  but  ns  though  thoy  were  built  up  of  a  earies 
of  parallel  unit  oylinders  of  delinito  pmpertios.  Of  course,  the 
notrio  moaBUies  would  furnieh  the  host  system,  but  as  this  vk 
practically  out  of  tlie  question,  tho  best  \\xa.  fcvuXWtoX'a  Va  Mi  \sJta 

t  ^ 
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for  the  tinit  of  luoasnro  the  one- thousandth  of  &n  inch,  already 
frequently  so  used,  aiid  called  a  "  luiL"  Since  wirea  are  round, 
and  tho  areas  of  circles  increase  as  the  squares  of  the  diameters, 
wo  should  rcifcard  tho  "  mil "  as  a  circular  wire.  Then,  by 
tiquaring  tho  diameter  in  "  mils  "  of  any  wire,  wo  obtain  direct 
its  area  in  circular  mils —  that  is  to  say,  tho  number  of  unit 
wires  to  which  it  is  equivalent.  To  make  the  unit  complete,  its 
length  must  bo  defined,  and  the  foot  is  tho  most  convenient 
meuare.  But  as  in  electricity  we  require  to  include  in  uur 
unit  cloctric  reeistanco  as  well  aa  tho  woight,  &c..  it  is  still 
more  convenient  and  generally  useful  to  make  weight,  rather 
than  diameter,  tho  bnsis  of  the  unit,  and  tho  most  geuertilly 
useful  unit  would  appear  to  bo  a  wire,  i  foot  long,  weighing 
I  grain.  By  ascertaining  the  rotation  of  this,  for  each  motiil,  to 
tho  general  circular  mil  foot,  every  necessary  calculation  can  lio 
readily  effected.  This  relation  is  given,  as  nearly  ns  present 
knowlodgo  allows,  in  Cols.  VI.  and  Til.  of  Table  IX.,  p.  275. 

SJ5.  WiUE  Gauges. — Wire  is  usually  bought  by  Birmingham 
Wire  Gauge.  Here  is,  however,  a  name  without  an  object 
belonging  lo  it ;  for  no  one  can  tell  what  the  Birmingham  Wire 
Gitnge  is,  and  different  dealers  will  differ  two  or  thrao  sizes; 
while,  in  tlie  finer  wires,  it  is  n  mere  ohanco  what  will  be  ob- 
tained for  any  gauge  asked  for.  But  tlicre  is  now  a  real 
legatisGd  set  of  figures,  known  as  the  Standard  Wire  Gauge,  by 
which  traders  would  be  bound  ;  ihough,  as  in  the  process  of  wire 
drawing  the  sizes  vary  somewhat,  it  is  by  far  the  best  plan  to 
obtain  wire,  not  by  gauges,  but  by  specified  diametOTa^or  weights 
per  leogth. 

Stabdard  Wike  Gauge. 


St. 

liich. 

Sd. 

IdOb. 

No. 

Inch. 

Ito. 

InDb. 

Xo. 

Inch. 

No. 

iDcb. 

V? 

■$00 

•joo 

II 

■116 

11 

■oji 

n 

■0116 

41 

■0044 

6/0 

■464 

■1,6 

11 

■104 

I] 

■oiS 

p 

■oioe 

4S 

•0040 

S/o 

■4n 

■1J3 

tj 

■09  J 

>J 

■014 

n 

■0100 

4J 

■eojS 

4/0 

■400 

■JJ) 

14 

■d8q 

M 

'Oil 

34 

-009) 

44 

•oayi 

\"> 

•J7> 

-:n 

I! 

■OTS 

=  t 

■010 

« 

■0084 

4t 

■oojB 

a/0 

•J4B 

■|g» 

■6 

■064 

lb 

■018 

16 

■00;  6 

46 

■0014 

0 

•J'4 

7 

■176 

IT 

■o;6 

>7 

■0164 

17 

■ocifia 

47 

■00  JO 

» 

■160 

iH 

•0*8 

IH 

■0I4B 

IB 

■0060 

4« 

■C016 

■» 

■1.14 

W 

-040 

>■> 

■oii6 

19 

■005) 

49 

'OOD 

to 

■n8 

Vi 

■oj6 

JO 

■0114 

40 

■0048 

JO 

■oolo 

Sj5,  Loijori'Mm*. — In  applying  tho  iinnciples  of  §  5)4,  and  in 
illustrating  tlio  formulte  btiBod  upon  them,  I  employ  logarithms. 
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Sttma  rcadore  may  tliinlc  thta  abstruse,  but  it  ie  the  sunploBt  of 
sH  moiloH  of  calculatioD,  moHt  accurate  and  rapid,  and  least 
fcitigiiiug  to  the  liniia.  Their  use  cannot  be  too  strongly 
rc'commcnitod  to  tlioKo  who  bavo  to  make  many  caloulatious, 
and  have  not  pracliKcd  thu  iise  of  the  alidtt  role,  wLioU  is  in  fact 
a  logarithmic  macbiue.  The  examples  and  forniulse,  having 
tb«ir  docimal  values  given  also,  can  be  worked  out  iu  th<^ 
OtOinary  manner  by  thoso  who  prefer  to  do  so. 

5J7.  A  WiuE  i»  simply  a  Fi/Uuder  oceuj/iiing  a  certain  meaturv 
mfnl  of  apace.  Tho  weight  of  the  cylinder  will  depend  upon  the 
Kpeailic  gravity  of  llie  ma'urial  which  fills  the  space, 

A  tuVic  inrh  af  waUr  weighs  2',2-^'yC  gr.,*  and  this  multiplied 
by  12  and  by  ■7854  gives  us  the  weight  of  a  circular  inch-foot 
of  water;  and  that  multiplied  by  the  specific  gravity  of  any 
tuetal  gives  the  weight  of  a  circular  inch-foot  of  that  metal,  and 
thus  the  datum  fur  all  required  calculations.  I  will  work  thb 
out  iu  logarithms,  taking,  as  a  basis,  copper  specific  gravity 
8 '9,  this  being  the  average  specific  gi-avity  of  good  copper 
Tire:— 


» 


Cubioincli  of  water  asa"  456 

IJ  in.  per  foot 

■7854.  ratio  of  oirolo  to  square 

Circular  inch-foot  of  witter .. 
Spooilio  gravity  of  copper  8*9 

OircoLkT  iuoh-footof  copper 


a -40) 1857 
I •0791811 

"1*6950505 

)'J764578  =  2379'5 
o-949i903 

4-3158478  =  JII7S-I 


L 


Jj8.  This  divided  by  looo  X  1000  =  i.ooo.cotj,  gives  the 
weight  in  grnins  of  a  wire  of  a  circular  mil  one  foot  long.  In 
this  way  are  obtuinod  the  figures  in  Column  II.  of  Table  X.  of 
the  various  constants  required  in  calculations  as  to  wires. 

By  dividing  1,000.000,  the  circular  miU  in  an  inch,  by  Iho 
■weight  of  the  oirouUr  inoh-foot,  we  obtain  tho  sectional  area  iu 
nitV*  (or  number  of  miU  it  occupies)  of  n  wiro  weighing  ono 
grain  jier  foot.  This  gives  Column  III.  of  tho  Table  of 
Couatauts. 

1,000.000  =  10* 6-0000000 

luch-footof  copptir,  Jii76-i      ..     4*jj58478 

MiU  per  grain-foot,  G.  a)i -6741533=  47-33 

sq.  root       . 

Diameter  of  grain-foot 0-8370751=  6'87J 

1.*  *..'!?^"i  detormiMtion  makM  it  ijs-j86,  bot  it  k  wA  liMMwn  Sn 
altof  all  Uie  figBree  for^  thBt;Hnall  dilTvreiice. 
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5J9.  Assuming  w  correct  the  resistance  of  one  foot-gr&in 
wire  given  in  Tttblo  IX.,  wo  obtain  all  llial  \u  ueaessary  to  com- 
plcto  the  data,  viz.  the  resistance  of  tlie  unit  foot-grain  wiro 
wtiich  I  Lave  calculated  at  £o~aml  tusortfid  in  Column  IV,  of 
Tftblo  X. 


Ecsiatance  of  soft  copper, 
One  foot-grain  at  j3°.  •2064 
Correction  for  a8%  I -060;  .. 

Unit  reeistaaco  at  60^,  V,  „ 


-1-3147097 
0*0355 107 

-1-3402*04  =  -21889 


540.  CoNSTAMTS  OF  Unit  Wihes. — Table  S.  gives  the  principal 
constants  required  for  caloulations.  Thoso  for  Qernian  silver 
and  brass  are  for  average  values,  and  those  of  Column  IV.  for  the 
(■rain-foot  rosistanoe  U  ought  to  be  determined  for  any  particu- 
lar sample  if  exactness  is  required.  In  tlie  case  of  German  silver 
it  may  vary  50  per  cent.,  and  in  that  of  copper,  in  proportion  to 
its  conductivity. 

Table  X.— Cosstahts  of  Usit  Wires. 


L         11.   M 

in.  a 

IT.    U 

BpHlBa  Gnliii  prt 

Areata  t»i'fjper(rBtn. 

itHliUno;  ti  tu°  Vtbl, 

jwrHyJ  ihiI-IIkI. 

frail. 

of  l^jttl  gTAlD. 

Mtll,        Ixgtillhm. 

'Olmifc             l/^ 

Kntcr    ..      .. 

f 

ooJJJ^J^'oii    a-6Jj5^si 

Copper  ..      •• 

'A 

-o3ii;ei|  47""    I'tr4iS'> 

•H?9—rj403J04 

Iko       .•      .. 

■0185590  JJ-8B    l^^n^^,^6 

I-I6J4     0-o6(ji7i 

Gcrmui  Silver 

8-7 

■03C7COJ    4>'II      I'CtfilOIiJ 

j'6fiy9    o'4)649J9 

BresB     ..      .. 

B-4 

■□(99865!  {o'oj     t'b<)$l6l9 

■99lB-l-9q;l76j 

Platinnm      „ 

"■4 

■05IQ06 

19-61      I*391}781 

a'8-S79    0-4760559 

Oubgn  ,,      .. 

1-6  l-oo}Boj 

iCj-6S     1'4I9411I 

9S-J9I       t-jeojjyi 

541.  FoBMUL.E  FOB  WiBES. — Aetlio  following  formula;  differ  in 
eevoi-al  points  from  those  eonerally  given  to  attain  the  same 
waulta,  It  may  bo  explained  that  this  is  owing  to  tlio  definite 
sydtom  of  which  these  form  a  part.  Most  other  fonotilffi  are  single 
onefli  devifiod  each  for  its  own  purpose,  and  often  based  u]K)n 
mere  actual  measures  of  particular  wires,  which  oflen  vary  lu 
quality.  Those  given  hero  may  have  no  ucluul  supenorily  uvt-r 
tliCHO  utliers,  except  oa  fonning  part  of  a  definite  system  bnsud 
upon  mathematical  truths,  and  linked  especially  to  the  concep- 
tion of  wires,  not  as  each  separate  t-tititits,  but  as  contjieting  of 
colleotione  of  unit  wires  of  definite  property,  thus  giving  to  rP 
an  extendod  moaning,  from  the  mere  soiiare  uf  tho  diameter  of 
tingle  wires  to  tho  number  of  units  in  all  niros. 
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541.  Stmbols  used  ts  THE  FosM0i.,E. — Let  tho  fuUon-ing  luttera 
repreaeut  the  requiiiito  partioulurs. 

W  =  weight  ill  grains.     W  -i-  7000  =  weight  in  pounds.  I 

w=     ditto  iior  foitt  =  M  X 'f''ori^-^G.  I 

M  =     ditto  per  mill-foot  -mX'orl-^QorU-i-tt. 
in  =     ditto     ditto  of  water  =  ■0025795  Log.  'l^i^;C^$^9. 
d  =  diameter  in  mills  (inch  'CXJi)  =  equaro  root  of  d'. 
d'  =  square  of  diametor  =  area  in  circular  milla  =  le  X  0. 
G  =  area  in  mils  of  Iho  grain-foot  =  i  4-  M  or  it  -j-  U. 
ff  =     ditto    ditto    of  wftt«r  =  410-39.       Log.  z-63i$^it. 
I  =  length  in  feet. 

t  =  speciGo  greiTity.     =  M  -r  m  or  U  H-  («  X  m). 
B  =  rowstanw  in  ohms  at  Co"  Fahr.  U  X  i  -H  W. 
f=        ditto    per  foot  =  B-j-i.  I 

C  =        ditto      ditto  of  tho  grain-foot  =  rx  to  1 

u  =        ditto      ditto  of  tho  mill-foot  ^  U  x  G  or  eco  ^ 
R  =  specific  r(^Bietanco  of  cubic  centimetre.  I 

ohm  =  H  X  000001C624.    Log  ~7'a20729i 
ditto  for  microhms,  index  "I ;  for  C  G  S  units  i. 
It  X  rcoiprociil  of  tliiiw  constants  gives  u. 
«  X  ")  givos  all  tho  dftta  for  wciiglit,  &c.,  mo  that  from 
tliGM  twodntanll  requisite  infurmuliou  can  bo  oal> 
en  la  tod. 

54J,  DiAiiKTER. — To  aHccrtain  the  ww,  or  gavyt,  or  the  A'a-, 
iii<(«r  ttfanij  iciVr,  d,  weigh  and  ineiuiaro  Gnrvfully  any  convtinitnt] 
pii.'ce,  and    ri:dui:u  to  grains  per  fooU     Uuttijily  tliin   hy  the 
cuuAtant  0  in  (\iliiuiii  III.  (47*23  for  eoppvr).     Thin  givi>s  tha 
Bootioual  area  in  circular  mil»,d\  and  the  scjuare  root  of  this  is 

tho  diameter  in  mil*,  d.  

A  =  ./uU.  I 

£x,  4  ft.  ■weigh  V15  gn o'498jtof  j 

Diviucd  l>y4 p- 6020600  \ 

w,  grains  per  foot "I'SgfiiSoS  =  0*788 

0,  conatantfor  copper,  47*21     -.      1*6741531 

<J',  sectional  area 3)1^5704023  =  37*10  j 

d,  diameter  in  iRt7«      0*7651014  =6*t  j 

For  other  ntctals  proper  constant*  should  ho  ma3. 

Stfutanee  of  a  lenylh  tcinj  known  X  by  condnetivity  and  -^  by 
loni;th  in  fout  to  reduce  to  reaistanco  per  foot  a»  pure  copper, 
=  r  i  then 

Q  XV  -i-r  ^  d'.    GxU  for  copper  =  io*j}6s  Log  i  ■0141716 
orU-i-r  =  wxG  =  <i*. 
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544.  Wbioiit  ok  LE!i<i  I  h. — The  diitmetrr  bfing  inotm,  to  ascerlain 
the  WEKtiiT  0/  any  lenijlli,  or  the  lesoth  0/  ani/  wnidlil,  uiultiply 
iho  square  of  the  diaiiieU'r  hy  CuliiniD  II.  of  tlic  Talile,  tho 
t-niiuH  per  ini7-foot.  Tliis  gives  tbe  weight  in  graioB  per  foot, 
from  which  nil  required  weights  And  lengths  are  asocrtainable 
hy  coiumcm  arithiaetic. 

Or,  di\4dlDBth«Eqnaroof  thedUmetor  bytho  area  of  the  grain- 
foot,  G,  ODntaui  IJL,  will  also  give  tiio  grainB  per  foot. 

"  =  G- 

;4;.  For  copper  mre.  tbs  iquan  o/tke  diametft,  witli  following 
constants,  will  give  tlio  particular  ioforiuation  in  each  caae. 


Feet  per  pound,  divide  by  d' .. 
Vards  per  pouinl,      ditio 
CraiuB  per  fuut,  inulliply  byd' 
Lba,  per  iodo  feet,      ditto 
HiB,  per    mile,  ditto 

Lbs.  per  nautical  mile,  ditto 


110187 
0-0311761 

©■OOJOJJl 

0-OI597J 

o'oiB4i4 


5-5192501 
5-0421389 

-rii5847B 
-}■ 4807458 
-a-20ji8j7 
-3-2651531 


I'he  aamo  couatants,  used  in  the  opposite  manner,  will  giro 
tlio  area,  and  hence  the  diameter  of  a  wire,  of  which  any  of  theeo 
particnlarB  are  known. 

Thu  fulluwinf;  constants  also  fnmish  iieeful  data  as  to  oopper 
wire :  they  are,  in  fact,  the  rcBiatAnoca  of  a  wiro  of  vno- 
thons&iidth  inch  diameter,  of  tho  length  iiaRiedi,&t  60°,  and  are 
to  be  divided  by  tho  eoolioual  area  in  milt,  d*. 


Ohms  per  foot  Bt  60°      ..      ..  'O'JjSs 

Ohmsperyard         ji-cog; 

Ohms  per  mile         54iS77 

Ohms  per  nautical  milo  at  60°  61,918 

Ohms  per  lb.  divide  by  d*      ..  5,416, 825 

Fwt  per  ohm,  multiply  by  tP  0-0967447 


Log. 
1-0141736 
1-4914519 
4-7570065 

4-7987759 

6-5jj6ia8 

-3-9856274 


546.  EesmtaKCE-^ITo  aictrtain  the  hksistasck  of  any  teire  <U  60', 
divide  the  onit  rtsistanoe  V,  Column  IV.,  by  tbo  weight  in 
grains  per  foot.  Thin  gives  the  resistance  per  foot,  which 
multiply  by  lon^h  required. 
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Or,  niiiltiply  U  liy  tho  length  in  foct.  and  divide  tho  product  by 
tho  arou  multiplivil  by  M,  tho  graioa  por  mi'^-foot. 


or 


u 
u 


^  d»' 


This  last  formula  gives  auothor  constant,  thn  roBistanoc  of  th« 
iBit-fi.ot  at  So",  which  mif;ht,  if  preferred,  eerve  as  the  principal 
unit  instead  of  the  ^ruiu-fooL 

547.  CoNDCCTiVjTy. — MeaBure  tho  rpsistancoof  any  convenient 
length,  t'Oirecling  for  tempeiiiturd  to  Cd''  Divide  by  the  Icnglli 
in  feet,  and  multiply  by  tho  weight  in  grains  por  foot.  This 
gives  the  resistance  per  grain-foot,  or  epocific  resistAnco,  by 
wiiich  divide  the  unit  0-J1B89.  The  qnotieut  b  the  conduc- 
tivity. 

The  actual  moasureuioDt  of  wire  for  its  rosistanco,  in  order  to 
iwsccrtain  its  ounductlvity,  may  l>o  ofTucted  on  tlinw  distinot 
eystciii& 

ft)  Tho  mcasiiromont  of  any  length  and  reducing  tho  longtli 
ana  rcaiatanoe  to  the  unit  foot^gmin  or  mil. 

(2)  By  Clark's  system.  AKtandardwiru  of  copper  is  mounted; 
its  longtii  or  airs  is  of  no  consoqnonec,  but  its  resistance  ia  modo 
o'  1516  ohm  at  60",  being  equivalent  to  a  pnro  wire  100  in.  long 
w«ighing  100  gmins;  the  conductivity  of  any  other  wiro  ia 
moaaarod  direct  by  balancing  the  necessary  length  against  this, 
and  will  be  as  the  sqtiaro  of  itn  length  in  inohi-s  divided  by  its 
weight  iu  grains.  Thin  luut  the  advantage  of  requiring  no 
correction  for  Ic-tnperature,  as  both  the  v^ires  vary  alike,  care  of 
eouise  being  taken  not  tu  no  paai  ourront  through  as  to  act 
unequally  on  them. 

(})  Measure  and  woic;h  any  length  of  which  the  resiatanoe  ia 
knowu,  and  multiply  U  by  the  length,  and  divide  by  weight 
per  foot,  which  gives  tho  equivalent  resiatauca  as  pure  copper 
which  divide  by  the  actual  resistance. 

The  relative  conductivity  of  any  metal  aa  oompored  with  any 
other  taken  as  standard  can  be  calculated  thus  for  equal  weights 
or  equal  sections ; 

U  or  li  of  Blandardx  IQQ     ,v  silver  u=9-i5iy  ioj_   a..> 

U  OT  u  of  fiubetanco  ^u'o     *•=        J4'l 

Oolumua  I\'.  and  V,  of  Tabic  IX.  ere  obtained  in  this  way. 

548.  Coi'PEB. — This  variea  vorj'  greatly  in  i\&  toVwi\i\sv^'i'V='t 
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ties,  ranging  in  conditotivity  from  98  per  oBnl,  as  low  as  50. 
It  is  of  gr«at  importance  to  attend  to  tliis,  for  in  making  an  , 
inBtTiimt-tit,  ba  it  a  galvanometer,  an  electro- magnet,  or  a  coil,  , 
lliin  wiro  of  good  quality  will  allow  tlie  nijnibor  of  turns  to  bo 
iiioreusiiJ,  or  thfl  iostrumont  made  of  smaller  siw,  wilb  equal 
coiidiiotauoe,  aa  compared  witli  one  made  of  poor  wire, 

Mutliietiseii  gives  tho  relative  conductivity  of  various  coppers 
as  compared  with  bard-drawn  silver : 

Pure  copper  :  Tcmpefntiire, 

Oxido  rwluoed  by  hvdrogen      „       ..  gj'o  at  i8'6  C] 

Electrotype,  not  melted 9j'46  ,,  JO'2  „. 

„  fuHod  in  hydrogen        ..  91*76  „  19'}  1,  | 

Tho  conducting  power  increased  about  2  jwr  cent,  by  annealing 
tbe  wirbB. 

Iinpore,  or  ooraraercial  coppers :  Tomporntur*. 

Containing  red  oxido,  melted  in  air  7)  *  33  at  19'  5  0. 

„        0-95  of  phosphonw       ,,  3j*34  „  aa-i  „ 

„        3  80  poramt.  of  arBonio  15*14  „  )9'i  „ 

„        1  60  pf;r  cent,  of  zinc   ..  56"99  .,  lO-j  „ 

Taking  tho  puro  electrotype  copper  aa  etandaid,  or  100 — 

Spanixh  (Itio  Tinto),  contnining  nraonic,  iron, 

lead,  &0.,  wad '4*'4 

KuBBiau,  with  traces  of  eamo 59*34 

Tough  cake  li'oj 

Australian,  Burra  Burra 83'85 

American,  Lake  Superior 9^*57 

ThcBO  figunN  Hhoiv  tlint  oxcollent  commorcial  viio  may  be 
very  bad  for  olcctriail  purposes. 

549.  Table  or  Cori-Kit  Wiiic. — This  is  calonlatod  on  tho 
formula},  H  543-^1  for  tho  most  useful  sizes  of  copjiev  wire,  but 
iu  readings  may  bo  translated  into  the  valnes  of  other  metala 
by  the  following  constants : — 


I.  WctoBm.         [Iran 

Slulti|ilf  b;  jiitnukn  Silver 
lllnusi       ..     .. 

a.  Lkkotik. 

Multiply  bj 


•67641 

■»77SJ8 

■94JB1 


1M4«1J 

I'oii^S 


Iron 

Uiirman  Silver 

Unuu        1'0{9{1 

].  BcniTiNCK.      I  Iron          i'l'W 

Uultlfil)'  hj  JUcrman  Bilret  I3-K«g 

(Ufm*       4-i4 


-1-941J046 

-'■ 97*8691 

foSTJSH 
0*0098707 
0-01SEI07 

o ■7354949 
«■ 657055* 
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4.  Lntani  or   IlmRjiKCK  (CoL  IX.)  divide  liy  lliu  r<m>Uala  in  i. 

uliu^h  arc  lli«  ^(iiidDotiTitiri!,  (v<pp<r   bvitig  I.    in    Itko   mniinct 

the   condut-liTitj  of  uiiy   rouimcicial  eopimr  or  otbcr  mctftl  will 
glTO  Ihc  tottcelioa  to  ctoploy. 


^ 


The  moRt  nsofa)  data  have  boon  oKoHon ;  thus  1000  Tcct  ia 
taken  bccaiuo  Uie  oban;^  of  the  deciinat  point  convorts  tho  vnltis 
into  that  of  I,  10,  or  icx>,  while  mulliplyiiig  by  5-18  oonvorta 
it  into  a  mile.  The  last  columu  will  be  tiiwful  in  selecting 
wiies  for  any  purpose,  especially  an  niultitilying  by  1 1  givl^s  tlii> 
value  in  nvcrage  German  ailver.  The  figuruB  in  tho  fool-ijrain 
and  mil  lines  aro  the  constauta  for  use  111  tho  formula).  Tho 
diameters  aru  shown  in  millimc-lrea  {mt  ctxapuriHun  wfioti 
required ;  while  tho  millimetre  and  metro- gnvninie  lines  furnish 
oonatonts  fur  calculations  in  the  metric  meuHuriiS,  in  the  tiamo 
manner  as  is  described  for  tho  foot-grain  ayatiiiu. 

550.  llKsiSTANL-rE  OF  LitjuiDS. — For  c(]ual  diiuennlouB  tliia  is 
TOstly  greater  than  that  of  metaU,  but  it  is  subject  to  tho  Biimo 
laws ;  it  variea  inversely  as  tho  sectional  area,  and  directly  iis 
tho  length.  Therefore,  by  doubling  tho  area,  or  what  is  fre- 
quently the  same  thing,  doubting  the  size  of  tho  iiUtes.  vo 
balvu  tho  resiatance,  or  may  double  tho  distance  apart  without 
JitcroaKing  the  resistanoe.  This  holds  eiaotly  true  only  whea 
tho  plate  fills  a  cell  of  square  section,  as  to  which  aeo  5  55J, 
Tho  law  alno  holds  true  only  as  to  the  real  liquid  re*istanco, 
the  molecular  motion  in  tho  liquids  themselves.  There  are 
really  throe  oleiueuta  of  resistance  in  moat  liiiuids: — 

(i)  Tho  true  liquid  resistanoe  just  spoken  of,  and  to  which 
•lone  tliis  seotion  refers. 

(a)  The  retoatonoc  at  contact  of  the  plate  and  liquid  whicU 
varies  the  actiro  area,  as  when  a  gas  is  given  off  and  covers 
part  of  the  surface :  this  may  be  regarded  as  analogous  to  dirty 
KurfacGs  or  bad  soldering  with  wire«,  &c. 

())  An  absorption  of  onergr  when  an  electrolyte  is  docom- 
poaed  which  has  been  given  the  confusing  name  of  "  polarixo- 
tioD  "  of  plat«s,  as  to  which  ew  S  i'^2. 

The  resiaiancc  of  a  porous  coll  is  really  due  to  the  reduction 
of  tlio  area  of  the  liquid  :  hence,  if  this  be  measui'ed  in  ohtos,  it 
will  bo  different  if  the  liquid  is  a  good  or  bad  conductor,  as  the 
i-oal  thing  measured  is  too  conducting  capacity  of  the  liquid 
aliHorbcd  in  tho  imres. 

Heat  Irna  the  opposite  effect  ia  liquids  io  that  upon  nietala: 
fur  heating  diminithet  the  resistance.  In  some  ca«(«  tho  riy 
iiatanco  at  ]  2°  is  three  or  four  times  as  great  as  at  313%  and  in 
the  case  of  soda  lye,  nearly  100  times  as  great. 
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JJi.  Except  metalit  wbeuftised,  or  liquid  like  mercory,  liquids 
appear  not  to  conduot  eloclrioity  ollierwis©  than  by  electrolytic 
decomposition.  Tlius  oiU,  alcohol,  Ac.  are  very  perfect  in- 
BuUtors,  and  even  water,  when  abflolulely  pure,  does  not 
conduct,  hot  when  ooutaiuing  pases  or  aaliue  bodies  it  breaks 
up  nnd  conducts :  tbeu  the  oonductance  depends  upon  the 
BpociBc  property  of  llio  subatanoe,  and  the  concentration  of  tho 
■olution. 

f.'jt.  I  have  collected  tho  moat  important  information  avwl- 
0  in  the  foUowiug  Table,  from  which  it  appears  that  in  some 
caaoB  Bikturated  solutions  are  the  best  conductors ;  in  others 
there  is  a  particular  degree  of  saturation  at  whioh  resistance  is 
least,  conductivity  dimiuishing  both  above  and  below  it.  Tlieso 
Utter  are  deliqueeceut  or  extremely  soluble  salts. 

Besistikcb  of  Liqona  juro  iHstrLATOfts. 
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may  throw  light  upon  tbo  nattirv  of  solution  and  upon  tlio 
question  whoth<ir  crj'stnllino  bodicH  dUeoIvv  tm  bucd,  vith 
tlidir  water  forming  part  of  the  diesolTod  molouulcH,  or  whether 
only  the  salt  iteolf  IB  disflolved.  Mnny  chcniieal  facte  tond  to 
■how  that  Baits  which  cryMalliw!  in  two  or  more  forms  with 
diSbrcnt  aiuotiDtfl  of  water,  bare  diffcroot  solubilities  in  tho 
difloroot  forms.  A  Gorman  chemist  haa  qtiito  rcoontly  asserted 
that  some  li<iuids,  orj^niR  eubetnncos,  show  delinito  axes  of 
olasticity,  like  crystals,  when  a  drop  is  examined  under  a 
noiciTiscope  by  polarised  light.  At  all  events  it  is  well  known 
tbat  many  litiaids  do  tliie  when  placed  under  electric  or  magnetic 
vtieeece,  so  that  the  lines  of  forco  cnn  be  traced  in  them  ;  cvoa 
in  the  ordinary  condition,  the  mt^tion  which  is  sot  up  in  tbo 

Eolurisod  rays  of  light  impliuA  that  tho  solution  is  not  really 
omogonoous   bat    jiossesgea  some   sort  of    structure,  j«8t  oa 
apparently  transparent  crystals  do. 

554.  Conhuctios  tuiioi;ijii  Liquids. — It  might  bo  supposed  that 
electricity  takes  only  tbo  shortest  and  struigbtest  path,  as  it 
is  vft«a  aesortcd  that  liglituiojc  doee,  aud  thut  iu  a  liquid  witb 
two  p1at<.'«t  in  it,  the  cnrr«nt  would  be  cunGncd  to  tlic  stratum 
of  liquid  lyiu^  beturecu  the  ptatoit.  Thia  is  not  the  case. 
Electricity  divides  itaelf  through  every  puth  oimu  tu  it  in  the 
ratiooftheiesistanoes  of  each  path.  ThcrerurcifMiinlljdatcs  are 
iinmened  in  a  large  Teeacl,  eviTy  partielu  of  Hiinid  in  tiio  vessel 
will  form  itaolf  into  a  {uith  for  currt^iil.  This  may  Ihi  t(.-st«d 
by  means  of  two  wires  fixed  into  a  fruiuo  and  connected  to  a 
^Tanomct«r.  On  dippiuK  these  into  a  lirjuid  thmugh  which 
current  is  passing  tht-y  will  form  part  of  the  circuit,  nrpWing 
the  liquid  Ij-iuK  between  them,  although  they  have  no  nietalliu 
connection  to  Uie  plates  or  battery.  la  this  way  the  direction 
and  density  of  tbo  distribution  of  current  may  bo  mapped  out, 
just  as  it  may  iu  a  sheet  of  tin  foil  by  means  of  a  pair  of  poiuta 
used  in  11  similar  manner. 

Fig.  Ci  allows  the  facts :  even  the  backs  of  the  platoe  take 
part  in  trie  action,  and  it  is  greatest  upon  the  ed^cs,  from  tbo 
same  causes  which  render  points  and  «dges  active  in  statJo 
electricity,  S  96.  Henoo,  tbo  backs  of  battery  plates  are  to  eomo 
extent  active.  Mount  a  pair  of  platos  with  one  side  vamiehod, 
as  a  battery  or  in  a  coppering  cell  with  a  galvauomoter,andnot« 
the  effect  when  the  Tarnished  or  the  bare  sides  are  opposed. 

555.  Eakth  OiBCUiT. — These  facts  explain  why  the  resistance 
to  a  telegraphic  return  current  by  earth  plates  is  so  small  as  to 
count  for  nothing  aa  compared  with  that  of  the  wire.  The 
return  onrrent  pawea  through  the  liquids  of  tbe  earth  and  na 
just  aa  in  the  cam  of  a  common  decomposition  oell,&ii>i\\%'$\a.\M& 
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[55^ 

are  eubjoct  to  tbs  eame  efibots  of  pokristtion,  but  tlio  lines  of 
ourront  are  not  limited ;  Uttiy  tiincud  out  in  kll  directions,  oe  ia 
Fig.  Cl*.  and  tho  rcBuIt  is  that  the  only  actunl  icsistanco  ia  of 
the  ordot  2  and  3,  §  550.    There  ia  another  theory,  favoured 


chiefly  by  mnthcmaticiiinB,  that  the  earth  may  Iw  regarded  m  sq 
infiuito  rusorvoir,  S  35,  or  elso  as  an  infinite  pair  of  oonduuHing 
I>lat«s  in  which  the  potontiola  act  up  in  the  wire  are  lowered  to 
»oro. 

But  if  wo  enclose  a  liquid,  or  moist  earth  in  a  tube,  wo  find 
that  tube  is  a  conductor,  and  it  acts  in  all  roepocta  as  a  wiro 
doea  ;  wo  may  lengthen  it  or  add  tube  to  tube,  bUU  tho  siune, 
Btill  therosiatanrcasit  grows  obeys  the  definite  laws:  why  tlioa 
eot  up  A  new  idea  when  we  ileal  with  the  earth?  This  is,  wo 
know,  a  muss  of  electrolytes,  and  wu  know  also  that  the  plates 
act  exactly  as  two  plates  in  a  solution  do.  The  analogy  has 
another  view  :  if  we  nee  a  oopper  earth  jilate  in  London  and  a 
zinc  earth  plale  at  a  distance  nnd  in  such  a  directiun  ns  elimi- 
nates the  disturbing  action  of  the  niitural  currents  of  the  earth, 
these  platen  act  procistly  as  though  they  were  in  a  cell,  they 
produce  a  current  traversing  the  wire,  and  if  we  soak  tho  i-urtli 
around  the  copper  plate  with  a  co])i>cr  salt,  wo  get  all  tho 
oSeots  of  a  Sani^ll  colt :  is  it  not  obvious  thf-n  that  the  iuter* 
mediate  earth  is  acting  precisely  as  d<>cs  the  liquid  in  an 
ordinary  cell  and  completing  the  circuit  of  the  current  ? 

556.  Measurement  of  Lkjdid  Rf^istahoes,— This  ia  difficult 
beoftuse  of  the  so-called  "  polunzation  "  etfects  at  the  electrodes, 
find  the  skin  resistance,  $  jjo.  Most  experiucntora  employ 
Poggendorf  a  method  of  alternating  current,  hut  it  soeme  very 
doubtful  whether  this  really  measuroti  the  oouduotanoe  of  the 
ooluinn  of  liquid,  or  the  suoocssive  chaises  set  up  on  the  plates 
and  the  liquid,  acting  as  condenser.    A  very  simple  inetiuuent 
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which  I  doriwii]  m«ny  yean  b^d  goto  ovor  all  difficnltim  ati 
rodnooB  tho  meiutnreiiiout  to  Uia  Enme  conditions  as  thoM  of 
wirw. 

It  is  ft  WliRBtetond  briJge  (b«o  p.  3j9),  in  which  tiibt*  of  dif- 
foix-nt  longthn  rei>l(ico  the  wiror«  in  A  nnd  C.  Thie  ie  done  by 
monDB  nf  II  U  tiilie,  wno  of  tie  artHK  of  which  is  piovidod  with  ft 
6ix!WDd  tube  which  diride*  the  liquid  into  n  long  colnmn  into 
tho  othor  log  nnd  a  short  ono  into  this  ortrn  opening.  This 
tabo  iif  snspondod  in  n  (nnw  fittwl  with  binding  screws,  and 
ntUtohod  to  tho  ooror  of  a  tomoI  contniniog  water,  by  means  of 
which  tho  tomponttnro  can  bo  varied  at  pleasure. 

Il'rom  thcBo  screws  elcctrodM  ore  oonnectod,  which  dip  into 
tho  enlarged  nocks  of  the  U  tube :  these  are  varied  to  suit  the 
nature  of  tho  liqnid,  nnd  tho  whole  principle  of  tho  action  ie 
that  tho  eurrent,  and  thprefore  the  disturbing  actionn,  thall  be 
mud  in  tlie  tteo  hrawhes.  One  of  tho  short  arms  is  connected  to 
tfio  battery,  rcpMigenting  —  of  the  bridge,  the  other  represents 
tlic  oiwning  A  and  in  ouinplet«d  by  a  rcsiHtunw  instrument,  by 
which  tlio  circuit  is  etinalized  with  that  of  tlis  farther  arm  of 
tJio  TJ  tulm,  wo  that  the  difference  iu  length  of  lie  tiro  folumni  of 
lii|uid  Im  uxiu^tly  equal  in  resisUnou  to  this  dxtra  rettietanoo 
iusertod.  Under  these  conditions,  providud  ihut  the  plntea  are 
odtnected  together  to  get  rid  rif  any  oharguH,  uU  ilisturbances  i 
may  be  iguured,  bvouuMe  thev  ire  equalised  in  lioth  uruts :  then  i 
th»  rtaintAnou  will  vary  with  the  BtrougtU  of  Ibe  current.  Of 
ooitrm-  either  u  good  differential  galvunomctur  may  bo  used  to 
replace  B  and  I)  of  tliu  bridge,  or  suitable  resietnncvH  cod  bo 
employed,  but  no  multiplying  ratios  are  pt-rmiBnibk-,  , 

The  data  of  the  tul>eB  may  bu  oscortaiued  by  flri»t  nieoHuring    I 
Bomo  liquid  talien  as  standard.      An  open  oblong  cell  may  be     ' 
UHod  in  place  of  tubes,  provided  that  the  plates  oomplet^ly  fill 
the  cross  section ;  in  thi^  caso  tho  two  sides  of  the  uuddle  plate 
distribute  the  two  onrrentA. 

;;7.  HjuTtito  ov  WiKEs. — The  law  of  the  heat  developed  by 
the  current  is  C  X  R,  or  E  x  U,  the  unit  being  the  J0ul«,  S  416, 
expressed  in  any  desired  foiiu.  This  relates  to  the  "  quantity 
of  nest "  generated  jwr  second.  The  actual  rise  of  temperature 
produced  by  tlua  quantity  of  heat  in  different  aubstanceB  is 
OMoribed,  $  )87. 

It  is  neoLtaiarj'  now  to  consider  what  becomes  of  this  heat, 
aad  the  ulliiuate  effect.  wUicli  fur  practical  reasons  may  be  mobt 
conveniently  studied  as  relating  to  eopper  conductors,  this 
becoming  nowadays  a  mont  important  subjeot. 

This  hns  received  much  attention  from  those  engaged  iiL«>lw> 
trie  lifting,  but  the  iulonnutiuu  acue«K\Vi\b  va  kVxW  \mvn^>v^ 
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anil  It  vnluulilo  trading  puaocsHioii  of  Uioho  conoernod :  tbereroro ' 
whatever  luay  be  tiaid  now  i&  aubj^-t  Ui  further  advauoea  in] 
knowledge. 

558.  Diimipaliim  0/  Neat.  —  Heat  always  passes  away  from 
a  body  of  liighor  temperature  to  its  BuiTuiimliugs  of  lower 
tempiiralure ;  it  does  av  at  a  rale  depcndtMit  011  llie  difiereuGO 
of  temperatures,  and  upou  tliu  Bjieeifio  properties  of  eurrouudm|( 
bodies.  There  nru  three  modes  of  trunt mission,  ContittctioB,  Con- 
vection, and  Badiafion ;  tbeue  must  be  studied  in  works  treating 
of  heat,  but  a  alight  eketiJi  of  their  rektions  to  electric  oon- 
duotors  is  ueoes«ury,  because  each  proue^  has  its  own  part 
to  play. 

Conduction  is  transmission  from  pardole  to  partiolo  of  a 
substance,  always  from  the  hot  part  to  tlie  cold,  therefore,  ia 
oonduotors,  from  the  interior  tuwarils  the  surfaiie. 

Convetlion  is  the  heating  of  gas  or  liquids  in  contact  with  tho 
Burfacv.  which,  beooming  lighter,  rise  and  give  place  tu  ooolec 
moleoules,  carrying  the  beat  away  with  them. 

Bttdialion  is  the  ooustuut  «B(»p«  «f  heat  Ircm  tlie  eurfaoe, 
across  space,  or  through  air,  &c.,  whioh  is  not  itself  heated,  but 
traoHfere  the  energy  of  heat  to  surrounding  surfaces  which  an 
capable  of  receiving  it  and  repicduciiig  it  as  heat. 

5^9.  Cojuluclion  of  lltai  is  effected  from  molecule  to  molecule 
much  as  electricity  i»,  and  the  conductivities  of  metals  arc  ia 
closely  the  same  order  for  Iieat  as  for  electricity,  though  the  rnto 
of  traiiemiasion  is  much  i^mallcr.  The  time  of  cooling  of  similar 
bodies  is  as  the  square  of  their  linear  dimonsious,  therefore,  in 
the  case  of  electric  conductors,  the  rate  of  cooling  of  the  interior 
portion  will  beas  the  erjurtros  of  their  radii  (ordiameters),  which 
means  a»  their  tecCional  artat.  subject,  of  course,  to  other  oou- 
eidorations.  It  is  evideiit,  therefore,  tlmt  several  small  oon- 
ducton  will  be  cooler  Uiau  ouo  equal  to  the  sum  of  them. 

Fig.  >9,  p.  "S.  may  lie  reganle<l  as  the  section  of  a  cmtlnotor, 
showing  sucoe^ive  shells  of  thc»iibstanci}  transiuittiiig  the  heiit 
from  cue  to  tho  othor. 

Insulating  matorinls  conduct  heat  badly  as  well  as  oloctxioity, 
tfaoroforu  they  tend  to  retain  the  heat  in  the  wire :  but  on  the 
other  band,  their  surfaces  radiate  heat  more  freely  than  smooth 
metal  does,  and  the  tolal  effect  is  that  covered  wires  cool  bettor 
than  bare  ones,  losing  bent  at  2%  per  cent,  greater  amouuL 
Uost  insulators  an>  also  liable  to  injury  by  tho  heat,  and 
thoroforo  their  nature  limits  tho  tempcraturo,  and  it  is  obvioQS 
that  their  thickness  should  be  as  small  as  is  comisteat  witll 
eflMtual  insuhitton. 
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Iron  would  eviil«titly  be  fp^atl;  inferior  to  copper  aa  a  oon- 
ductor  for  largo  ourreuts,  not  luert-ly  on  nocoant  of  its  lower 
condncting  power  iioouaHitating  an  equivalent  inoreoaed  weight, 
but  becMtuso  ttiia  iiiaremted  size  would  retain  the  heat  iu  tlio 
conductor. 

One  effect  of  the  dltTorenoe  of  the  heat  at  the  inner  and  outer 
parts  of  the  oondi:otor  is  to  make  the  different  piirta  unequal  in 
conductivity,  tending,  aa  it  were,  to  thruiit  a  larger  part  of  the 
current  to  tne  outer  poition  of  the  oonduotor ;  thin  again  tending 
to  the  produotiou  of  greater  heat  in  these  part«,  and  thus  to  tho 
nwtonttion  of  equilibrium.  The  distribution  of  heat  iu  the  section 
of  the  conductor  will  oertatulynol  be  that  of  a  body  first  heated 
and  then  allowed  to  cool,  but  oue  of  nearly  e<iual  teuipurature 
throughout,  eccoinpaiiied  with  f^ciuent  HUiall  ohanguH  in  the 
dittiiDutiun  of  current  throughout  the  mass. 

560-  CoNVECiios  OF  HxAT. — When  a  conductor  is  surrounded 
by  a  lifjuid,  thu  same  action  occurs  as  may  be  seen  in  water 
heated  in  a  metal  vessel,  where  a  continuous  iitreuni  of  heatxid 
p»rtJol«s  runs  upwards  :  therefore  in  a  larj^  miiss  of  water  tho 
heat  of  a  conductor  would  bo  kept  down  nearly  to  that  of  the 
watiT,  at  itj<  nurfaoe,  and  at  its  interior  in  proportion  to  tho 
property  of  ounduotiiin  and  size.  In  air  the  same  actiun  occurs, 
and  in  other  guiieti  it  a]ii<earB  to  occur  at  a  cato  related  to  their 
•pooific  gravity,  hydrogen  having  the  greatest  cooling  action. 

If  two  pieces  of  platinum  wii«  of  equal  dimcnsiuns  and 
JMiCtftnoc  are  enclosed  in  tubes  oontaininf;,  i,  atr,  2,  hydrogen, 
ibt  Mmc  current  passing  through  them  will  raise  i  to  red  hout, 
Trhilis  s  reuiaiua  dark.  If  the  two  tubes  aie  placed  in  oqual 
quantities  of  water  and  tho  current  passed  through  both,  tho 
water  surrounding  i  will  bo  more  heated  than  that  around  3, 
though  tho  It  of  each  was  the  saino  at  first ;  wire  I,  beoouiing 
more  highly  heat«(l,  its  resisUnce  is  the  groatost,  and  tbereforo 
in  it  tho  same  onrrent  develops  greater  heat. 

Dissipation  0/  Rent  by  Convection  plays  an  important  {tart  in 
conductors  cspos^^l  to  tho  air,  and  caro  should  be  taken  to  fooili* 
tate  the  action  by  not  placing  them  close  to  ceilings  or  whero 
eiroulation  of  air  is  difficult.  It  is  evident  also  that  thin  strips 
of  metal  placed  vertically  will  bo  kept  more  cool  than  tliu  somo 
moss  of  metal  in  a  solid  rod. 

561.  Kaoutios  or  ilKAT. — This  action  is  always  going  on 
&om  all  bodies,  each  emitting  and  each  absorbing  heat,  with  a 
teudeuoy  to  bring  all  to  the  same  temperature.  The  same 
oonditbns  faoillitato  emission  and  absorption,  and  the  chief  of 
these  conditions  appear  to  bo  the  nalure  of  tlte  snrfaoe.    T\titi 
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Babjoct  nf  mdiniit  hcnt  or  onorgy  is  of  greftt  importAnco  in  the 
genorntion  of  Itebt,  but  im  reratrd  ootidactors  it  in  of  intonat 
onl;  in  bo  fiu-  idni  it*  laws  mow  that  tho  mntal  rarface,  if 
exposed,  tiboultl  not  lie  polished,  bnt  is  bmt  blackened  with 
lampblack  rhJ  eiiSo,an<l  that  ifenclowd,  the  outer  wirfsce  shonld 
bo  of  ft  nature  to  aeiiiBL  mdiAtioii.  Fig.  2j  will  iUko  convey  an 
idoo  of  ritdiatiirti,  +  being  the  conductor  Bnrronndod  by  sir. 

563,  8*ra  Cdhrest  in  Winnf. — It  in  evident  that  thowo  three 
oooona  Iiave  diffenmt  Imnriiigi*  in  dilTerent  caaoe.  VVitb  email 
wires  ox{><Mied  to  tbu  air,  convection  and  radiation  aro  of  most 
oonsoqnunct!.  With  oovcrucl  oondiiclon  roiliation  maT  bo  of 
importancu ;  but  willi  conductors  insulated  nnd  placed  1111  dor- 

StiHiid.  conduction,  and  Umt  the  conduction  of  the  luatorials  of 
0  earth,  will  b<)  the  [)rinci[ial  agency. 

No  definite  lawn  0/  rtlatian  nf  current  to  the  of  e&tduchr  arc 
pottible :  the  conditions  miiitt  be  adapted  to  oach  order  of  cir- 
OumatanocB.  Thin  is  a  highly  tochnical  subject,  which  taxes 
the  knowledge  of  tho  most  capablo  enginoere,  and  therefore  it 
cannot  be  fully  conaidered  in  a  work  such  as  this,  addressed  to 
eonoral  readers  and  studt^^ts :  only  tho  gcnoral  principlos  cnn 
Bo  tot  forth;  but  the  reader  whu  wiftbwt  to  ntndy  the  subjoct 
will  find  very  full  experinient«  recorded  in  a  paper  read  bv 
Ur.  Eeunelly  to  the  Edison  Convention  in  1689,  which  wiU 
bo  found  in  vol.  xxiv.  of  tho  '  KJectrician,'  pp.  143,  169, 
ood  190. 

The  early  Proviaional  Order*  of  tho  Board  of  Trade  gavo  a 
Hmit  of  1000  amperes  pt^r  nqiiaro  inch  of  noction,  aftorwanU 
reduced  to  1000,  and  now  uhnngod  to  the  rugnlation  montioood 

s  565- 

JO).  As  1  grain  per  foot  moans  47 '  33  mils  (by  $  545)1  1000 
amperes  per  square  inch  moans  36*961  grains  per  foot  per 
ampere,  which  figure  or  its  Log  t '4107568  would  serve  as  a 
basis  for  calculations  as  to  size  of  conanctors,  multiplying  it  by 
any  preferred  value. 

But  it  is  more  convenient,  when  treating  of  ronnd  wires 
($  5}S),  to  use  1000  ami}eres  per  circular  inch  as  tho  datum: 
tiiis  makes  all  the  icqniaite  citlculattons  and  data  decinal  OBW 
oonneoted  to  the  system  and  formulte  of  wires  already  nnd  in 
theae  pages.  Then  we  have  as  unit  a  wire  }t'6l5  mils  in 
diameter  (n  small  ij  B.W.G.),  which  is  dimply  the  "  mil  "  unit 
of  the  previous  formuke  and  tho  following  data  multiplied  by 
1000. 

The  followintc  Are  the  valaee  of  oorrent  and  dimension 
UTivod  at  by  different  anthoriti«B,  reduced  to — 


to. 


5«4.1 


Bino  or  aizi  10  oouttm. 


2»3 


Aniitem  |i«r  Ml.  ineh.    Cironlitr  nil.    Uiliiwr  ■mptoib 


W. 


2000  = 

1750 

laoo 

1000 

800 

^      500 

Siemens 

timitli 


•C015708  6j6'6i7 


•001J744 


727-574 


■000911a  1085-75 

•0007854  1173-34 

■ooo£3o8  >59>'57 

•00OJ937  »546-47 

■0014186  704"92 


•0014J11 


751-1; 


This  system,  aod  the  foUowiog  d&t*  will  fuoilitate  o&lso- 
lations; — 
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It  is  evident  that  the«e  lutt  values  mnitt  hb  reekonad,  not  at 
tlio  tfimpL-ratiira  of  Um  BnrrouDdiog  air,  Lut  ut  tho  limit  of 
t«nipenititre  of  the  metal  iii  f\ill  work. 

J64.  The  »iic  0/  the  etmduelor  mutt  modi/i/  Ihc  mil'currenl :  that 
in  to  wiy  §  564  shown  tbnt  lUa  thft  Kin:  gf  condiiclors  is  inoreosed 
tiio  speoilic  OAjiaoity  loworH.  In  Uiu  Mucoml  i»ditioii  of  this  work 
I  suggested  that  the  mlio  uf  area  to  eiiiTttnt  (which  xhall 
inaiiitnin  equitl  i«ui{)eratuie  in  the  conductor)  will  ho  dmtcribod 
liy  a  logiirithmio  curve  in  which  the  ampere  arou  will  bo 
gmdu&Uy  iucreased;  wich  »  curve  would  probably  be  of  the 
flharuoter  of  <I  =  V  0  X  C  ft,  in  which  i  would  bo  «  vnluo  to  bo 
determined  by  exjioriinont.  In  other  wordu  tho  mil-ourrcnt 
would  be  gradually  luworod,  or  tho  ampere  nroii  incrunsud  in 
aonie  ratio  of  C'. 

ExjicTiencB  litis  proved  thi«  to  be  the  case,  and  Novoral  such 
curves  are  now  employed. 

The  qiieetioii  really  ip,  mhal  rite  in  lemperature  can  beprrmtlted  t 
Of  course  the  initial  mil-curront  would  be  different  nccording  to 
whether  iMire  witen  wcro  uscid,  or  ineiilntion  of  diffvront  kinds; 
alwj  the  penuissible  rise  will  vary  greatly  under  diSorent  oon- 
ditions.  Bare  wiroi  in  inaccessible  positious  would  allow  a  much 
higher  temperature  than  insulated  wins,  or  wires  traversing 
•paces  where  injury  cati  bo  done.  On  the  other  hand,  insulated 
wircBcool  most  rapidly,  $  559. 
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5fij.  The  next  question  is  Low  to  l>tOanoe  generation  and 
diaaipalion  of  heat;  t^t  secnre  a  defined  eqiml  temi^ratnTe  in 
conductors  carrying  different  currunts.  The  disaijiation  of  the 
heat  U  in  fact,  whatever  the  mode,  a  function  of  turfatx,  and  in 
rods,  square  or  round,  sw/ace  increases  at  Ike  diameter  only, 
while  area,  or  omrent-carrying  power,  increuBes  a*  ihs  »quare  of 
the  diameter:  therefore  with  equal  milMMirrenta,  the  heat  in  the 
conductor  increases  as  the  equarfi  of  the  Rnrfsce  through  whioh 
it  ifl  to  be  dimipated. 

A  mlo  given  hy  the  Gommiltee  of  the  Inst,  of  El,  Engineers 
forfireriakfi,  and  adopted  by  the  Board  of  Trade,  in  ihe  "  conduo- 
tiviiy  and  sectional  area  uf  any  condnctor  clionld  ho  §o  pr«por- 
ti'ined  to  the  work  it  has  to  do,  that  if  dontdi;  the  i-iirrent  pro- 
poaod  be  sent  through  it,  the  tempemture  of  snoh  conductor 
shall  not  exceed  150°  Fahr." 

The  JKBt  of  Engineers  of  the  Colony  of  Victoria  have  fixed 

opon  the  formula  C   */  -  whore  H  is  the  redatanco  of  600 

feet  of  tbe  condnotor  at  150'  F&Iir.,  nnd  D  its  diameter  in  mils. 
Thi»  girea  a  current  dendly  greater  than  1000  umjierts  per 
wjuare  inch  fur  nninll  conductors,  and  concidernbly  le««  f^r  large 
cues,  the  conditions  shown  {§  564)  t"  li"  priquir. 
H  565,  Mr.  Kennelly  ghows  that  a  liaeuf  10  Ceni.  is  n  iinrmit!- 

^B       aib'"  "*"'' .-..-ri-    .1     .  _  1 ._.,  1  I— .L-  n J  _r  1" 1..   fi -<:- 

I   ' 


Blblo  limit,  piacticafly  that  adopted  by  the  Board  of  Trade,  S  565, 
nd  gives  the  forutulm  of  the  carve  arrived  at  by  experiment  as 

Ifif  lio  in  incliM         C  =  joo  ((|  ami  J  =   o-oMjO) 

..    mil*  „        0-OI75J     „        „  14*7         ■> 

„       „    iuill[[uetr«ii    „       4'J7$       n       ■•  o'374    ■• 

and  when  d  is  in  inches  and  C  in  amperes  d  =  »/  — ' 


These  forinula>  are  for  insulated  copper  wire  of  98  per  cent 
conduGtivity  enclosed  in  wooden  cases,  as  is  now  generally 
done. 

Fig.  64  prettentD,  in  a  aimple  mFinner.  the  relation  of  dimen- 
sion and  oiirreiit,  <it  what  may  bo  called  millage  and  ampfraga. 
I  hare  calculated  the  reaulta  into  oiirvee.  Tlie  horizontal  lino 
of  amperes  sliows  up  to  120  for  curve  1,  and  np  to  laoo  for 
line  a,  the  ecule  of  millage  beiug  the  same  for  all  in  tho 
vt^rtical  line.  T)io  diameter  of  the  required  wire  can  Im 
obtainod  by  multi))lyin)(  together  tho  amperes  required  and 
the  millage  shown  by  the  curve:  this  gives  ihc  arm  d'  ia 
drotilar  rails,  aud  the  square  root  of  this  is  tbe  diamotUh 


J 
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Line  j  Hhows  how  miHleading  the  looo  ampori«  p^r  Bqnare 
inch  is.  and  ourre  4  i§  ouo  caloalatcd  from  l!i«  fiyiirei*  of  Prof. 
Forbo§,  baaod  ou  bis  fonnula  0'  X  (^^  -inil  wirtain  theoretical 
dftta  as  to  heat.  It  relate*  to  liaro  wirtMt  and  a  tttiajieraturG  rise 
of  15°  Cent.     Tho  general  agroement  of  tho«u  ourveti  ohowa  that 

Kin-  t;(. 
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wo  hftvo  the  trntli  protty  closoljr.  The  curves  can  i>uil7  be 
prolonged  to  higher  cnrrcntK;  or  they  can  be  lon-orod  to  suit 
other  oonditions  witlmut  muoli  ilifficnlty. 

567.  Cost  of  CosimCTlOJf, — The  heat  genoratM  in  the  oon-  , 
dnctor  has  another  bearing ;  tliu  greater  the  lieiit  the  greater  j 
tho  load  of  eoergy  id  tnuksmuBioQ ;  Uiat  i*.  S  416,  a»  the  Hquaraj 
of  tho  current  forced  throni^  a  given  conductor,  or  jiToator  than ' 
thU  by  the  diminished  condnctance  duo  to  the  heat  ilwlf.  This 
»  therefore  a  queBtion  of  eontinuotu  teorkinff  exjirtuai.  On  tho 
other  hand,  if  tno  capacity  of  the  oondnctor  be  ini;r<^a>e<),  ho  na 
to  rednoe  this  espenditare  of  energy,  there  Bxisoa  the  quoatiun , 
of  oupttal  outlay,  and  intereet. 


k 
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The  d«tonniiiattDD  uf  tho  rolativo  importftuoo  of  these  two 
depends  upon  tho  oonditions  of  each  particular  case.  If  the 
conductor  is  to  bo  r«guUrly  trorkcd  to  its  full  oapaoity,  the 
workiug  ei))ense«  rto  most  iinportaDl.  II'  tho  conductor  is 
einpli>ired  only  a  part  of  the  time,  the  capital  outlay  is  a  serious 
ooneideration,  and  it  would  be  better  to  endure  a  hij;her  workiag 
cost.  The  cost  per  electric  horse-powor,  5  427,  at  any  piw 
place,  and  thocostof  the  condtictorat  tho  aame  place,  are  Tsriafe 
olemente  upon  ivhioh  also  the  decision  depends. 

j68.  Sb' W.  Thonikon  says  that  cost  is  lovreet  when 

Cost  of  energy  =  Cost  of  conductor. 

Thftt  is  to  say.  (i  ]  the  ooat  per  horse-power  of  steam  or  other 
motor  +  the  cost  of  transforming  it  into  electric  energy  by  tho 
dynamo  machine,  is  reduced  to  some  unit  of  time,  aa  per  hour  o( 
year:  this  multiplied  by  tho  horse-power  expended  in  tho oon- 
anctor  pivcsthe  cost  of  energy-  (j)  Tho  interest  on  cost  of 
oondnctor,  and  the  expense  of  repaiis  and  depreciatioD  takflit 
for  the  year,  or  divided  by  the  number  of  hours  of  working, 
giTee  the  other  eido  of  the  (H]nation,  and  tlio  two  together  an 
the  cost  of  trunsmiMsion  of  tho  current, 

569.  Eiptal  carrenU  ran  trawmil  dijerent  gaantitie4  of  energy .  A 
given  conductor  will  carry  different  <nirreiit»,  and  the  eipeodj- 
ture  of  energy  in  the  trBti8nii«i>n'>ii  will  tlntii  inorcaso  ns  the 
tquare  0/  ikc  mrrcnt,  but  will  ri-niiiin  nti  cijtui/  proportion  of  the 
energy  Irantmilled ;  this  is  the  imbuing  of  the  etatemonte  quoted 
I  47J.  But  thure  are  conditions  in  which  the  same  conductor 
will  tranBinit  gn«itly  inorett»ed  energy  while  expending  no  more 
within  itHC'lf.  ThtH  depends  on  the  increase  of  EUF,  and  ft 
proper li<tnal  increuati  in  the  total  resisHince. 

Lot  two  points,  generator  and  rL-eeiver,  each  of  i  ohm  R,  bo 
oonneoted  by  a  cunduotor  of  i  ohm.  Now  an  E  M  F  of  1  volts 
produces  0  =  i,  and  1  joule  energy  will  bo  expended  in  tho 
couducttT.  Let  the  generator  be  so  altered  as  to  generate  2000 
volte,  and  the  receiver  to  utilize  this  E  M  F,  raising  the  ro- 
sUtanco  of  generator  and  receiver  to  iggg  ohms.  Wo  nave  still 
only  a  current  0  =  i,  expending  <  joule  energv  per  ohm.  losing 
therefore  still  only  i  in  the  conductor,  bnt  while  passing  into 
the  reooivor,  utilizing  so  much  as  corresponds  to  its  proportion 
of  the  totiil  rcHishinoo:  the  1ob»  of  energy  iu  this  case  is  in  the 
KeuL-rutor,  which  neoessiirity  has&  higher  lesJ stance  than  in  the 
first  coee. 

ThL-  result   is  that,  the  higher   the  E  M  V  employed    the 

Sealer  tho  economy  of  electrical  work.     But  though  this  is 
eonitically  true,  tho  diillcultios  of  insulation  and  the  extnt 
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coat  of  tho  ooDductinif  eastern  m  »  wholo,  makes  tho  qac«tiun 
of  voonomy  a  very  debateable  one. 

Sonu  of  tho  electrio  light  oompauiee  mn  to  lo.ooo  Tolta  with 
«]t«mating  currents ;  but  eminent  onKineers  claim  that  low 
Toltagea  are  on  the  whole  more  eoonomical. 

570.  EcoKoxicAi.  Size  of  WrRES. — I  have  adopted  tho  formiihn 
P'na  br  Mr.  B.  Rhod««  iu  a  paper  road  to  the  Americaa 
National  Li^ht  Atuooiation,  1889,  altering  the  eymboU  to 
correspond  with  tkoee  used  heie. 

d  =  diamutur  of  wire  in  mils. 

L  s  length  oflinein  milciM. 

p  =  prioe  of  bare  ocipper  per  lb. 

w  =  oort  of  power  per  TI.P.  per  year, 

O  =  current  in  nmporoti. 
•016  d*  lbs.  of  wire  per  mile  :  'oiG  pd*  fO«t  per  mile  of  wire. 
■0016  jxT  interent  and  dopreoiatioti  nt  10  jier  cent. 
'OOtfi  Ljitf*  =  annual  coat  of  wire (i) 

i^Sp  =  ohme  per  mile ;  --1— '  =  witta  per  mile ; 
^-^  J^  =  H.P.  lost  per  mUe ;  ^^"g^^"  cost  of  H.P.  loot; 

S4577  LpC  _  annual  cost  of  power  lo«t  in  the  whole        ,  \ 
746  d*        "  circuit  '  ' 

With  increase  of  fliKO  (i )  will  inoTease  and  (aj  diminiHh,  and  the 
best  Talne  of  d  will  bo  such  that  their  sum  will  bo  a  miniinum. 
Lot  u  represent  this ;  then 

.,.„„.,,  + 54512^. 

which  givoB 

,       ioai«4C*to 

'     "^  746  rP 

Placing  this  equal  to  zero  and  reduoiDg,  wo  have 

rf«  ^45700  0'" 
P 

This  shows  that  the  sise  of  wire  doponds  on  the  prioo  of 
copper,  co§t  of  power,  and  rate  of  current,  aiid  in  indepondont 
of  leoj^th  of  the  circuit  and  the  voltage.  The  cost  of  iDnilatioo 
also  ia  not  part  of  the  uoloulation. 
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ELECTttOMOTIFE  FOBCE. 

^71.  Eleelromotii'e  force  is  tbe  general  nnmo  for  wliatever  may 
be  the  agency  wliich  sets  iip  eliictrioal  current.  Some  writers 
objoct  to  the  uHe  of  the  term,  which  is,  however,  too  usofiil  to 
be  sot  aside.  E  M  F  corrcBponds  to,  and  is  always  Accompnaiod 
bv,  polenlial  iii  static  eiectrieity,  §  91 ;  henco  it  is  oft«D  oallud 
tuxtrie  pretsarc.  Voltage  ie  also  a  convenient  deKcrijitive  term 
whioh  is  commonly  nstid.  Some  of  the  principles  which  under- 
lie the  term  EM  F  are  ntndied  §§  172-4  and  478-492,  and  in 
this  chapter  tbe  main  purpose  is  to  trace  thetii  out  by  means  of 
tbe  chemiual  relutiooe  of  electricity.  It  may  be  thought  that, 
as  batteries  are  of  comparatively  little  prai^tiual  importaiioo 
now  that  the  dynamo  is  our  chief  source,  tboir  cheuiiual  theoi:^ 
may  he  set  aside.  This  would  he  a  great  miiituke,  because  it  is 
here,  and  here  onlv,  that  we  cau  traie  the  natural  conditions  of 
electricity  aiwrt  altop;ethor  from  matheiuuticul  assumptions  and 
mere  oonveutious,  because  the  origin  of  the  energy  and  force  is 
vnlhin  ihe  circuit  itself. 

57  2.  To  Mkasdhe  Electbosiotive  Force. — This  may  be  effected 
in  aliaolute  meaaure,  but  it  is  usually  done  in  terms  of  somo 
w)ll  tliu  E  M  F  uf  whii^h  is  known,  ench  ae  tlio  Donicll,  which 
eiin  Imj  uited  while  working,  or  the  Clark,  which  roquiroa  oppo- 
Bition  without  ourreut. 

With  a  delioatt-  galvanometer  of  whioh  tbe  current  value  of 
the  dtflectiona  is  known,  such  as  a  sinoor  tangont  (;alvanomelcr, 
or  any  of  those,  now  common,  which  give  their  reading  in  ainporos, 
ami  a  large  resistance,  the  amount  of  which  need  not  bo  known 
]>roviJed  it  is  always  the  same,  the  EMFis  proportional  to 
Uie  deflection  value,  and  having  once  ascertained  the  angle  given 
by  a  Daiiiell,  and  from  it  that  due  to  i  volt,  the  instrument  can 
be  marked,  or  a  table  made  of  the  deflections,  so  as  to  rood  off 
direct  in  volta  the  K  M  F  causing  tbe  deflection.  If  the  resist- 
ance is  made  v«ry  large  the  tuternal  resistance  of  the  cell  maj 
oftou  be  neglected  if  not  knowu.    See  S  577. 

57  J,  ft7ieaUf(iiii.'"»  ^j/ftn  is  available  either  with  large  or  nnall 
resifitanoes:  it  depends  on  the  production  of  two  constant 
deflections,  and  I  will  use  in  the  fonnuhe  capital  letters  for  tho 
standard  cell  and  small  letters  for  the  one  to  bo  measnred,  E,  e. 
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beingEUF  in  volt*,  R,  r  ronstaDoe  in  ohroa.  C,e  cvmnt  m 
ftiDix!io«,  aod  A,  a  tliu  aiand&rd  oell,«iiil  Uiat  to  be  mewored. 

A  la  oonn«otvd  with  iiuclt  K«!atanoe  att  produces  the  ftnt  fixed 
ddfldctiim,  My  2o°,  and  h  further  renUtAucu,  B,  U  added  to  bring 
tbe  defl<:cti<in  to  a  neixiiid  fixed  auKte,  aay  lo". 

a  ia  now  arrunged  t<>  f[ivo  ao";  the  K-ttititauoi;  re([uir<Ml  for 
tbis  netjd  not  bu  uiMurured,  aa  it  will  vnry  with  the  iutvniid 
reaiBtaDOU  ami  biwi  uothtug  to  do  with  tb«  (raloulation :  fnrthor 
naiBtancc,  r,  is  aovr  added  to  bring  the  needlu  tu  io~,  thtia 

«  =  E  -  in  Tolto. 

574.  Tbia  ma;  bo  sioiplified  by  once  for  all  a«c«rtainiug  the 
reaistatm  viluo  of  i  volt,  as  I  will  ahow  by  an  oiperiment. 

A  tai^  DanioU,  with  an  external  refciatanoe  of  z'^i  ohms 
and  a  total  FoatstaiiM  of  3'0i,  marka  30  on  a  galvanometor; 
an  extra  Teeiatanco  of  ]>it  bringa  it  to  10.  Of  ootirso  it  will 
require  the  aamo  total  reaiatauoe  with  any  othor  DanioU,  lar;go 
orBinall,  toisprciduoe  theeedeflecUonsi  bat  the  external  reeiet- 
■noM  will  bo  aiflFoTont  io  uch  coao.  for  the  tirat  doSootioD ;  tbo 
0000111)  oxtra  roButaaoo  will  bo  always  conalaitt :  it  ia,  thoreforo, 
n  figure  repnuMiniiug  t'079  volt  on  tliia  inatrument  botweoa 
tli«M>  angles,  tlicii  1-079:  I  .■.  j-ii  ::  3*881.  Thia  giTeathfl 
mislanoo  crjuivalont  to  1  volt,  and  all  future  exporimental 
re*i«lanoos  divided  by  this  givo  tho  force  of  the  ooll  niidcr  trial ; 
for  inatanoo,  a  dimw  ooll  in  full  work  took  1*)^  oxtrn  rvsiat- 
anou  to  bring  tbo  noedle  from  10"  to  lo".  Tho  lormula  worlu 
out  thus: — 


1-079  X  ~|^  =  -468. 


By  uaing  the  conatant  obtaiDcd  at  the  Grat  oxperiroent,  the  multi- 
plying by  1-079  is  forever  after  onneoowBry,  for  j:^^  =  '4^8. 

This  is  tho  aimploat  and  beat  plan  for  obtainiDK  actual  working 
foroos  of  batteri(^a  at  any  time,  and  theroforo  it  is  rotainod  in 
this  adittOR,  while  othors  formoilr  given  arv  omitUxt,  owing  to 
tbaa1t«iod  conditions,  both  of  workingand of  available  galvano- 
metors. 

57;.  By  ConderuerK — Tho  E  M  F  oFcoUa  may  be  oorupared  by 
the  aeveral  charges  thoy  can  give  to  a  oondonaer,  but  tliia 
proccea  ia  one  nK«t  useful  in  auch  technionl  work  as  teetlng 
cabica,  and  those  employed  in  such  work  will  have  access  to 
those  books  which  enter  into  thia  class  of  subjects  more  oom- 
pletely  than  is  possible  or  necessary  here. 
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576.  The  Ix«t  of  )»11  modoB  of  me»8uring  the  differmc 
PQtential  hetween  May  two  parts  of  n  circuit  or  tlie  E  M  P 
Mttoiy,  whether  worldiig  or  not,  is  by  meAns  of  a  deltoatA 
deatrometer  such  as  the  qnadraDt  eleotromet«r  of  Sir  W. 
Thomson  iitte<)  with  a  Kplflolaber  ftnd  a  gauge  (whioh  is  itself 
a  diBO  eleotromoter),  to  keep  the  charge  of  tho  movable  part 
porfeotly  nniform  aod  of  known  degree:  a  variation  of  this 
obarge  enables  varying  forces  to  bo  measured,  beoauao  tho 
deflection  is  determined  by  its  intensity  as  well  as  by  the 
charge  derived  from  the  force  to  be  measured,  which  is  given  to 
tht  quadrants. 

^77.  Voltmeters. — These  are  really  galvauometers  which 
fiiliil  tho  conditions  of  i  571.  and  every  iDBtniment'maker  has 
his  special  coOBtraotion.  They  are  simply  smull  current  gnl- 
Tanometere  of  larf^  reeistanoe  compared  with  the  resistance  of 
the  circuit,  to  which  thE<y  really  aot  aa  tlnmts:  ae  therefore  thit  J 
lesistanco  is  considered  as  of  noaMOOnt,  the  measurement  of  the  1 
potSDtial  difieronco  is  only  ap]>roxImate ;  any  construction  of 
eolTancnnetor  can  be  u§ed,  but  as  Buob  measurosare  required  in 
the  neighbourhood  of  largo  currents  and  dynamo  machines,  tho 
instruments  ought  not  to  bo  aSeoted  by  them.  The  resistaiico 
may  be  prodaoed  by  a  separate  coil  or  in  the  witv  of  the  instrn 
sient  itself:  the  latter  is  best,  so  aa  to  have  a  large  number  of 
tnrDS  of  wire,  with  noodles  whoso  control  is  suoh  an  to  riMiiMt 
the  influence.  Tho  greater  thoir  resisUinco  is.  tlio  bettei,  but 
for  practical  reasons,  such  as  expense,  it  is  related  to  tho  dejpeo 
of  voltage  an  instrument  is  to  measure. 

578.  ArpAiuTDS  FOR  EiPUEiHEKTa. — As  some  readers  may 
wish  to  make  experiments  on  chemical  combJuatiuuB,  such  oa 
aro  hero  examined,  1  will  dosoribe  the  B]>pftratu»  and  process  I 
have,  after  many  trials,  found  most  convenient,  thu  object  being 
to  oxoliango  one  part  for  another  rapidly,  and  without  ooufusioa 
or  mixture  of  substances.     It  consists  of: — 

(1)  A  stand  fitted  with  two  binding  sorowa  for  the  wires  to 

Sto  the  galvanometer  and  resistance,  wliicli  oonneetiona  may 
us  remain  undisturbed  for  any  required  time:  tho  screws  are 
connected  to  two  mercury  cups  into  wbiob  the  wires  from  the 
slemonts  dip,  thus  permitting  these  to  bo  instuully  exohauKed. 

(3)  A  U  tube  of  glass  or  wood  comented,  or  i>  voaael  with  a 
partition  descending  nearly  to  the  bottom  ;  titM  wntains  dilute 
Bulphuric  acid  or  ath«r  liquid  suitablo  to  tho  other  liquids  to  be 
omployod  at  the  two  elements  which  it  sorvi.'a  to  connect. 

()}  A  number  of  smiall  porous  tubos  fj  X  1  inch  are  8u!t> 
able)  capablo  of  being  supportod  in  tho  U  lube  at  the  proper 
lieu^ht. 
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(4)  The  Tariona  meUllic  plates  are  each  fitted  with  a  wire  of 
such  bMigtli  aa  to  dip  into  the  cupaon  the  stand  while  the  pUte 
is  atuMDdod  in  the  porous  tuba. 

Thui  ap]<aratua  permits  the  exchange  of  each  of  its  oonsti- 
tirantji  in  au  iiiiiUnt,  and  in  trying  varioiu  liquids  thera  ia 
littJQ  dtsturbauoe  by  eudosmoae,  as  the  two  porous  cells  oan- 
taiDJng  tham  are  immeraed  in  a  baib  of  intervening  liquid ;  for 
•xpnrimvnto  with  mauzauese,  sulphate  of  mercury.  &o.,  a  {Kirous 
ocll  tH  neiKl<.i)  for  (uivh  xuUituuoe :  and  wilh  nitric  acid  and 
other  oxidizers  &o^  a  clean  carbon  must  be  used  for  each,  but 
platinum  is  Imttcr,  if  washed  and  made  r«d  hot, 

579.  EsEitoy  ASD  Matter. — Some  of  the  general  relations  of 
fbroe  to  matter  have  lieeo  examined,  ^  17  and  j6j ;  we  have 
now  (0  study  more  cloooly  huw  energy  and  force  become  eloctrio 
energy  or  F^M  F.  Wo  must  remember  that  each  atom  and  each 
nplocnle  of  mutter  iiivolveH  im  part  of  iu  iuUereut  nature  un 
amount  of  energy  as  definite  aa  of  matter,  but  nulike  the  matter, 
not  permanent  in  all  changes ;  it  iii  duflnitu  and  fixed  only  for  a 
dsfiait«  aixl  fixed  ooDditiun,  and  for  evmy  oban^  m  definite 
ohftnae  takes  place  iu  the  amount  of  fixed  energy.  We  must 
themore,  regard  energy,  as — 

(i)  Fluclualin^,  such  as  the  sensible  heat  of  snlMbinceM,  whioh 
enters  and  leaves  them  aoooidiug  as  they  are  surroundwl  by 
bodies  of  greater  or  teas  temperature,  but  which  does  not 
oliaiige  either  their  physioal  state  or  cbemiwU  properties. 

{2)  fixtd,  asaooialea  with  mattor.  Such  is  latent  htat,  now 
termed,  potential  rocr^y ;  the  most  definite  idea  wilt  lie  obtained 
of  it  by  treutiug  it  as  an  auionnt  of  <vu&rgy  linked  to  the  atoms 
kod  molecules  of  matter,  and  iiisc-]»irable  from  thi^m  without 
ohange  of  nature  or  physical  state,  the  tucxlo  of  charging  being 
the  irapariitigof  iiitenial  motion. 

Each  Bubstanoe  rec[uirea  a  definite  amount  of  enorcnr  lo  paas 
from  one  phyHioal  state  to  a  higher,  us  from  solid  to  Tuiuid  and 
saaeouH;  and  at  oaoh  such  change  a  definite  aiuou&t  ot  energy 
disappears,  beooino*  ohorged  on  the  molecules,  i.  e.  ia  oonvertod 
into  latent  htnt  or  potoTitial  energy. 

580.  Intrintif  or  tpeeijir  energy,  S  585.  ia  also  fixed  find  an 
innerent  of  each  iit«te  of  chemical  union :  every  ctcmontaiy 
atom  ho*  itn  proper  energy,  and  the  imporlanoe  of  this  view 
will  bo  Bteu  when  we  find  thut  the  degreo  of  this  energy  is 
really  the  mewiure  und  the  cause  of  tlie  chciniicid  a^nitict  of 
this  atom.  Every  clietiiicol  aotioii  which  nt^curs  under  the 
inflnenou  of  afBoity,  that  is  every  act  of  eomhination,  is  Attended 
with  loss  of  energy,  i.e.  the  pritcntinl  eunrgy  is  set  free,  and 
booomiee  active  and  stmBible   in  aomo  furm,  eivk^t  »a  ^naX^ 
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okotricity,  or  motiou.  On  the  other  hand,  every  act  of  deoom- 
positioii  (tho  revereivl  of  affinity)  requin-B  a  supply  of  energy 
exactly  equal  ui  quautity  to  that  aet  free  liy  the  act  of  combina- 
tiou,  and  this  c-riergy  is  again  olmrguil  upon  the  atoms  or 
moleculea.  and  ditiappoars — without  it  the  change  cauuot  occur. 

581.  To  make  nil  this  really  clear,  and  to  attach  to  our 
ohemioal  syml>olB  their  value  in  energy  as  well  as  matter,  is  at 
preaeut  imj>u»t!Lble,  as  the  data  are  not  yet  suSiuiuntly  aHcei'- 
tained,  notwilhBianding  tlie  laboure  of  Favre  and  Silhermaim, 
Andrews,  and  more  recently  of  Thomst-n  and  Berthulot.  The 
latter  author  htut  published  a  work  on  TLermo-oliemiatry  in 
which  the  most  ample  ioformatiou  i»  ouutaiued.  But  we  can 
only  regard  the  iiieaBuremeuts  aa still  merely  appioximato.  As 
theti  figures  are  given  in  the  metric  system  and  often  as  r«lated 
only  to  grammoB  or  pounds,  I  have  leductid  the  most  important 
of  their  informaUon  into  the  eqiiivalent  in  grains  for  matter 
and  the  foot-puund  for  energy.  1  may  here  remark  that  I  have 
not  altered  the  figures  given  in  former  odittouH,  for  tho  reasons 
given  above,  ami  in  S  579.  lu  the  course  of  time,  the  actual 
figures  I  give  will  no  doubt  require  to  be  somewhat  altered,  but 
readers  should  undcratAsd  that  this  will  in  no  way  afiect  the 
principlM  involved. 

583.  Mechanical  Eijuivalest  of  Heat. — As  a  consequence 
of  tho  doctrine  of  consorvation  of  energy,  tho  various  forces 
(which  are  forms  of  energy)  m»y  be  expressed  either  in  a 
single  measure  or  in  tonuM  of  oaoh  other.  Experiment  has 
proved  this  for  hcot,  and  shown  that  a  definite  quantity  of  heat 
IS  ftotiinlly  trannfonuoil  into  n  definite  quantity  q{  mechanical 
work  i  that  la  to  say,  that  a  pound  of  water  raised  in  tempera- 
ture si>  many  degreos  Fahr.  or  raised  so  many  feet  agiiinet 
gravity,  means  tho  eamo  energy  expended  or  stored.  What  the 
exact  quantity  is,  is  a  matter  for  experiment  of  a  very  difficult 
natnre,  and  therefore  the  exact  value  is  not  really  known. 
The  following  is  a  list  of  several  determinations  by  different  pro- 
cesses in  terms  of  the  gramme-metieB  equivalent  to  tho  calory. 

Dim     ..      ..     Friction  of  water  and  bi-OHH  ^jj 

n        ••      ••     Cmshiug  of  lead 415 

Speoiflo  neat  of  air         ..       ..  441 'fi 

Velocity  of  sound 4J7 

General  propertie*  of  air      ..  416 

Elootro-magnetiam        ..      ,.  44] 

Heat  of  cumut  in  wire        ,.  400 

-,•.•.                     "                 •■      4*9-5 
Fnotion 4i}'JS 


Begnanlt 
Olauaius 
Pa^Te     .. 
Clausios 
Jottta 


I 
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This  Uttor  valtio  roprownts  772  root-lbs.  jipt  lb.  dog.  Fahr. 
of  water,  and  is  ^vnornlly  accepted  by  ongiDoera.  Another 
value  is  iieoil,  ohiofly  for  arithmetical  ronsonB  ;  43  million 
"wp,"  written  lut  43  X  ro",  is  a  hnnily  figure,  and  is  being 
adoptod;  its  value  in  grainine-tnctroM  per  cJilory  is  437-87, 
and  the  foPt-llm.  ppr  English  heat  unit  y79'88.  The  value 
used  in  these  pngeti  ih  772  f(iot-Uis.  ami  its  equivalent  in  the 
metric  system.  It  in  iiropoeod  to  call  the  heat  unit  a  "  therm," 
as  there  is  same  cimfuHiou  in  tlie  use  of  ealory,  which  some 
writers  apply  tu  the  kitogrnninie-motre  ;  then  if  the  mechanical 
equivalent  is  tatc<!n  as  4-3  x  lo'  orgs,  we  have  1  therm  =  4-3 
jonles. 

58).  Relations  or  TJHrrs.— As  different  systemB  of  meaenro- 
ment  arc  used  in  different  works,  and  in  tDest  scientific  books ' 
tho  metric  system  is  used,  and  nuiy  not  be  underetood  by  all 
iMclers,  I  have  worked  out  Tnble  XVII.,  p,  314,  which,  subject 
to  Qie  remarks  5  57.5,  shows  the  mode  of  converting  tho  vahios 
ia  one'system  into  thow  of  others.  I  have  selected  those  figures 
whioli  bare  provod  moat  useful  iu  mv  own  cxporioQco.  It 
•honld  also  bv  remarked  that  the  values  here  are  in  slight 
decree  different  from  tithera  to  he  found  in  the  work,  us  in  tho 
case  of  the  calory,  linos  33  aud  2}.  Thu  reason  is  that  tho 
C.U.S.  system  liemg  busted  upon  definite  principles,  it  is  desir^ 
able  to  have  the  tuIuch  which  aru  thus  theoretically  oorroct : 
but  AS  neither  the  ohm  nor  the  am]>ere,  nor  in  fact  several 
observed  data  are  exact  to  tho  0.0.8.  sj-ateni,  these  other  valaes 
may  be  even  more  correct  in  practice,  aud  the  differences  are 
not  great.  The  valucn  of  the  joule,  Hues  24,  36,  37,  on  tho 
grain  «\§tcm  are  here  liitned  up(>ii  line  3j;  the  theoretical  value, 
while  in  the  b^xly  of  the  work  figures  may  lie  found  based 
upon  lino  32,  the  prnctioal  accepted  vuhie.  The  values  aro 
as  correct  as  cireuinntaDoea  allow.  Different  writers  call  tho 
gramme  =  i5'4jS.  I5*4}4,  t5'4]2}5  grains,  and  give  the 
calory  unit  of  heat  different  valuea  according  as  it  is  related  to 
wat«r  at  o"  or  4°  Cent.  Thia  name,  calory,  is  also  given  to  two 
valoea :  tho  original  unit,  and  tho  value  always  meant  in  these 
pages,  is  i  gramme  of  water  raised  i^Cont.,  hut  it  is  often  used  to 
mean  1000  grammeti.  1  have  given  the  logarithms,  which  are 
mote  oxact  values   thun  thd  decimals,  so  that  the   opeiutions 

fivcn  can  be  reversed  by  aubtraoting  instead  of  oddiDg,  or 
y  adding  tho  reciprocal  of  tlie  logarithm  (i.  e.  tho  log  sub- 
tracted from  O'ooooooo),  a  procesfs  often  useful  olao  to  enable 
an  iutrioate  calculation  to  be  worked  out  by  one  final  act  of 
additioB. 
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584.  Tho  mode  io  which  tho  figtinw  are  obtitiDBd.  and  the 
pl&n  of  iieing  them,  will  be  best  seen  in  tin  example.  Andrews 
gives  tho  heut  of  combustion  of  zinc  is  oxygen  aa — 


CsJoriee  per  grammo       ..      ijjO 
Ei^uivateDt  of  zino  ..      ..      ^i'6 
Calories  per  granune  eqniTaleiit 
Batio  of  grain  equivalent 
Table  SVII.,  lino  9  ■  198547 

Foot-lbs.  per  grain  equivalent 
I  lb.  7000       ..      J  ■  8450980 

Zino  ja'6      ..     1-5132176 

Poot-lba.  per  j>oaud 


t.og. 

}*i2)85i6 
4-6170693  =  4JJ58 

-I- 297798 } 
J'9i4B675  =8&>7-S 

3-}3iSSo4 
6^667479  =  1,848,195 


Owing  to  the  various  difference*,  this  latter  vatne  is  sometimes 
given  as  low  as  i,^6i,'^2^  per  pound. 

385.  IsTRiNSKT  OH  SPBCinc  Enekoy. — Theeo  termtt  are  both 
need  ^>y  different  ButhorB  to  deecribe  that  quantity  uf  energy 
which  is  definitely  associatod  in  each  particular  combijiation 
of  atoms  into  ntolecides,  §  570  (jY  It  is  the  essential  ag^iit  of 
ohemieal  n^latiotis,  and  is  really  the  measure  of  cfiemxeal  affinity. 
In  fact  this  "  intrinsic  energy "  is  exactly  what  the  eartioi 
ohemiste  ven-  justly  imagined  the  osisteooe  of  a«  necoBsary  to 
the  oxpluijfttifm  of  combuHtion  ;  only,  according  to  the  faehioii 
of  that  age,  they  invented  a  Bpcoial  form  of  matter — a  fluid 
— which  they  cnlknl  yhloginUtn,  to  tlio  gain  or  loss  of  which 
they  attributed  olutniirail  notions.  Nowadays  we  invent  any 
requinsd  property  of  tlm  I'ther,  when  we  want  to  oxpliiin  what 
we  do  not  undpr«rt«ml.  In  principle  tliey  wore  more  true  to 
nature  than  the  Hohool  which  suoceeded  them,  for,  after  nil, 
phtoginlon  doen  really  fteitt,  only  it  is  not  a  thing,  a  fluid,  bnt 
en^rgij  clmrged  upon  the  atoms  and  moleooles  of  mntter. 

A^  a  (act,  now  well  known,  that  aiGnity  is  strongest  whioh 
sots  free  must  heat  in  oalorimetric  uxperimeuts.  Until  Into 
yuars  tliis  was  not  understood,  and  chemists  confined  their 
Rttention  to  the  material  atoms.  But  wo  have  in  honurio 
bodies  the  evidence  tliat  something  besides  mutter  is  oonc^nied. 
There  are  many  pairs  of  substances  whiob  contain  exactly  tho 
BAme  elementary  proportions,  but  in  which  the  m"lecute  contains 
double  or  more  of  ull  the  atoms  in  oue  case  than  in  another. 
But  beyond  this  there  are  pairs  of  substunoes  exactly  alike  iD 
innterial  oonstitutton,  thougli  belonging  to  different  types,  fi  [3  ; 
these,  however,  differ  in  intrinsic  L-uerij^,  and  if  eipial  weights 
MTo  bunietl  they  do  not  give  oU'  uqual  heat.    A  great  deal  of 
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worb  has  been  dooo  of  Into  yemn  in  thla  diroctiou  by  Juliui 
ThoiuM>n  and  Itorthelot,  $  j8i,  ttod  tiui  latter  has  based  upon 
tho  facts  of  intrinsic  enor^gy  a  general  law  of  clieuiical  afHuity, 
which  he  calls  tho  law  of  maximum  work,  v'lt."  All  ehtmical  action 
tuA  doe  to  «xtfmat  energy  lends  lo  the  produclion  of  the  body  or  bodies 
tekieh  Nf  /re^  the  'jreai^tl  heat,"  It  will  be  seen  that  Lhia  in  thu 
ooDDlcrpartofthogeDerallawofeloctroljrtioactioufitvtcxptuiniad 
in  tho  first  edition  of  this  work,  that  those  substauoes  uiv  net  free 
by  the  electric  current  which  absorb  thf  le<ut  'joaiiiily  of  «na-ijy. 
As  the  energy  of  chemical  action  Is  definitely  r«lat«d  to  the 
E  HF  set  up,  it  will  be  soon,  ^  ;99,  that  it  is  ouuvontent  to 
oatll  that  energy  by  the  distinct  name  of  ''  Toltanoe,"  icisteud  of 
vagnoly  "  irttiinsic  or  specific  "  energy. 

tVe  have  now  to  study  tho  n)<xlo  in  which  tho  transfura  of 
intnnsic  energy,  whioh  is  potential  in  the  molecules  of  matt«r, 
rosnlt   in  chemical  and    electrical   effects  when    it  beoomea 

;8$.  CouDUsrios. — Tho  act  of  combustion  or  burning  is  tha 
moflt  familiar  instaooe  of  diemical  oonibiuAtion,  while  it  ia  tti» 
oompl«to  illuHtratioo  of  tho  potontial.  latout  Intrinsic  energy 
boomiuDg  aotire  or  kiuutlo.  and  talcing  th«  form  of  boat.  At 
pnaant  w«  may  oonsidor  it  iw  simply  ooEabination,  the  union 
umlor  tho  inlluanco  of  ohomiout  attrac^tion  of  atoms  of  carbon,  or 
hydrogen,  fee,  and  atoms  of  uxygttii.  Thcro  really  is  olou  a 
dooCKnp««itiou  of  the  moleouloM  of  thueo  botlinf,  bui  that  wo  aro 
not  DOW  in  a  position  to  wtimato.  Now,  as  it  is  a  iundamental 
maxim  that  wo  can  ornate  neiUMr  matter  nor  energy,  and  aa  this 
aclion  gives  us  available  ftee  energy  in  the  form  of  beat — 
wbors  does  it  come  from  ?  Evidently  from  the  atoms  unteiiug 
into  union. 

C  +  0,  =  CO,  is  tho  symbol  of  bumiTig  cjirbon,  prodnoine 
oarboDio  acid  (or  more  properly  anhydridu),  and  11,4-0  =  H,0 
hydrogen  burning  into  water,  but  theflo  symbols  give  us  no 
information  as  to  the  soitroo  of  the  energy.  It  is,  however, 
evident  that  before  combination  there  existed  ■  force  tending 
to  caaae  union,  which  wo  cnll  affinity,  and  that  when  the  union 
ia  etfbotcd,  tho  resulting  snibelanoe  must  huve  within  it  leaa 
combined  energy  than  itn  oamponcnta  had  before,  because  the 
act  of  onion  had  sot  onuivy  free  aa  heaL  This  is  usually 
tnetod  as  a  mere  incidental  oonsequonoe  of  the  affinity ;  bow- 
aver,  it  beare  an  exact  ratio  to  the  ohemioal  force,  and  may  be 
made  to  give  fflea&ing  to  the  old  diogmms  of  olootive  affinitT. 
By  fixiiig  KttentioD  upon  it,  as  the  "intrinsio  energy,"  capable 
of  exact  estimation,  instead  of  the  vagae  "affinity,"  we  shall 
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butter  and^rstand   tho   fact*, 
notatiu&i  the  burning  of  carlion 

0  +  0  =  CO; 


[587. 


Thue,    using    the    eqnivaleat 


6   ■    8      ?4S  +  »946fooMbB. 
°+?s'=^3i+<j6a4fooUl«. 
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TTere  the  energy  of  cumbTiation  is  eKjireBW^d  in  foot-lbs.;  It  n 
the  "iutrinaio  energy,"  tliu  monaiiro  of  tlie  force  which  hul<U 
together  the  atome  composiTig  cnrbouio  oxiiUi,  CO,  nnd  carbonic 
aoid,  COji  not  wholly  m.>,  however,  n«  the  great  difTereiiee  he- 
tveon  the  two  figures  is  due  to  tlie  fact  that  portion  of  the 
enorgy  of  the  first  atom  of  oxygon  is  absorbed  in  conTertitig 
solid  oarlion  into  a  gas.  Wo  cannot  lie  sure  that  nil  the  four 
oontroB  or  valencioe  of  c«rbt>n,  §  9,  poeeess  equal  siiccific  energy, 
or  wo  might  calculate  the  latent  energy  of  gusilioat  ion  of  carbon 
from  that  given  b^-  complete  combustion;  hut  in  examining 
actions  under  the  influence  of  electricity,  light  will  bo  thrown 
OD  thiB. 

5S7.  Salts.^ — CombufitioQ  or  oxidation  is  only  oqo  steji  in 
ohtimioal  oombiiiatiun,  for  ftluioet  all  the  salistnnces  uaud  in 
electricity  are  salts,  this  term  really  including  ncids.  Thu  older 
view  of  salts,  lier/olius's  eleotro-cliemical  thfory,  empposed  tlie 
flnt  step  to  be  oxidation,  foimiug  substances  whiih  wi-re  either 
acids  or  bases,  according  as  the  element  ranked  in  the  electrio 
scale,  and  partly,  also,  accordiii)^  to  the  number  of  oxygen  atoms 
combined,  and  these  two  bodies.  pTeserving  their  original  electrio 
relations,  combined  to  form  salts.  Altliongh  this  thoory  is 
abandoned,  it  has  still,  so  far,  a  real  basis  of  truth,  that  the 
chemical  attractions  of  the  elements  do  in  great  degree  corres- 
pond with  this  arraugemont.  which  so  far  survives  in  the  new 
ohemiatry  that  the  old  electro-negatives  are  still  called  oblorons 
or  acid  radicals,  and  electro-positives  basylous  radicab. 

Ohemical  considerations,  and  especiallj-  the  bebavour  of  aoide 
and  salts  under  the  action  of  the  galvanic  current,  led  to  the 
adoption  of  the  binary  theory,  which  treats  them  as  composed 
of  two  radicals,  of  which  the  acid,  or  dilorons  one.  is  a  com- 
pound oontaining  the  whole  of  the  oxygen,  while  the  basyle  is 
an  alement  or  a  compound  having  prop^ies  analogous  to  those 
of  elements.     On   this   view   the   formulte   of  sulphates   are, 

iP.80,1  (HjO.SO. 

Zn,SOA  instead  of  {/.nO.SO, 

K^SOj  Uo.so, 

tJifi  acids  beiag  salts  of  hydrogen,  which  aro  displaced  by  other 
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atoms  pomcMod  of  hislicr  "  «[>ucific  «norgy."  This  theory  aooords 
tboronglily  with  nil  the  fndu  of  otoctrulysis,  and  is  that  to 
vhidi  bdong  all  th«  fominliH  uie<l  in  th«M  pagw.  The  older 
view  of  salts  hns,  however,  a  prtwtnt  uho  in  calculatiag  the 
tpocifio  ODorgy  nf  iicids  nud  siiitv,  as  in  f  ;8^. 

KelarniDg  to  th<^  oonntitiitiou  of  Hiltn  on  the  old  theory:  80, 
(four  highly  negative  atoms^  tinile  U}  form  a  strong  acid,  »ul- 

iihiiric  (now  caTleit  irulphunc  anhydride);  hydrogen  aa  11,0 
orina  a  weak  haso — wnt^ir;  whilo  ZnO  furniB  a  stronger;  and 
pOlMmnm,  K,0,  the  HtronguHt  base  By  o^mihiDiDg  agaiti,  SOj 
+  BjO  forms  onlinnry  nnlphtirio  acid,  from  which  the  strongur 
bftaes  can  displace  the  wat«r,  forming  in  turn  SO^ZnO,  and 
SOjKjO,  sulphates  of  rino  and  potoasiiiiii. 

588.  iimuKsic  KmeihiY  of  Ei.KMKBi'i.^'rho  foregoing  prin- 
«i]des  may  now  bo  applied  by  aid  of  Table  XIII..  p.  )o8,  in 
which  1  have  collected  the  moot  important  information  as  to  the 

Erincipal  elements  emplnyed  in  (dectrioity.  Cols.  J..  II. ,  and 
IL.  arc  the  names,  Hyiiilx>ln,  nnd  atomic  weights  on  the  new 
notation,  S  11 ;  IV.  the  old  chemical  equiraloiit,  which  is  aUo 
the  weight  taken  in  gTaitin,  tu  which  Cidunini;  VII.  and  VIII. 
refer ;  V.  in  the  valency,  8  9 ;  VI.  ahowe  the  weight  corres- 
ponding to  one  unit  of  oleotrioal  quantity,  the  chumic,  $  170, 
varying  where  two  classes  uf  satte  are  lormed  ;  YIl.  is  the 
energy  of  union  with  oxygen;  and  VIIL  that  with  chlorine,  of 
the  equivaleul  in  ffrutns,  Column  IV.  These  two  columns  are 
the  specific  eiii.-rgiei(,  f  385,  of  these  chemicnl  com l>i nations,  In 
Kome  cases  tw-i  values  arc  given  ;  they  are  different  resulta 
obtained  by  Andrews  (the  npper  row)  and  by  Favro :  the  same 
reinailc  up]>li*^K  to  the  other  similar  tables.  I'olumn  IX.  is  the 
elootric  cciuivaleiit,  in  grainmes,  of  the  coulomb,  or  the  ampero- 
MMXnid,  aa  to  which  neo  S  43]. 

It  ia  oommordy  dtaled,  on  the  BOthonty  of  Faraday's  early  ex- 
p«rimesta,thateIoctricity,  pas»uig  through  Bulutiuna,  acta  in  the 
ratio  of  the  tetxral  t^uivalenla  (Column  IV.).  This  is  not  the  cose; 
this  view  of  Ihe  "luivahnt  of  cletiricitij  itt  l«8od  ujion  the  acci- 
dental nature  of  the  exiierimeutti.  Thv  truth,  which  became 
manifest  ontv  ag  the  iii»Lh:rn  chemical  thoorice  were  developed, 
ia  shown  in  Culumii  VI. ;  tlic  iimtntity  of  any  element  roloasod 
depends,  not  upon  its  Gtititvalcnt  merely,  but  njion  tin:  ctato  of 
combination  in  which  it  exists,  that  is  to  say,  the  valenoy  of  the 
mdical  it  forms.  Of  course  those  are  the  thean:tioal  values: 
they  are  not  actually  obtained  in  electrolysis,  because  there  are 
woating  actions  of  aeids  &c.,  in  practice.  But  as  these  rary 
wtder  diiFereot  conditions,  it  is  useless  to  take  account  of  tli«i& 
idien  treating  of  j>rinciples,  i  Sjq. 
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Table  Xm. — Elehkhts  ash  their  Priu-ertibs. 
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569.  CoitBraATioit  OF  Badicau. — It  ja  evident  that  whether 
we  uU  the  fonnnla  of  ziuo  sulphate,  ZnO.SOj,  or  Zn,SO„  we 
have  the  lame  number  of  atoms,  aud,  let  them  have  uome  to- 
gether how  they  ni»y,  the  altimate  renult  is  Uie  sftine.  Now  wo 
can  actually  build  uji  thui  nioli^fnile  ou  the  fin>t  rotmula ;  that 
is,  we  can  iUkikiIvu  the  oitdc  of  eiiiu  in  iitilpliurio  aoid,  while  we 
cannot  ou  tht-  HDomid  fonuuhi,  lMH;uuae  SO,,  the  itnlphuriu  radical 
ia  not  cajiable  nf  um»jmliiiHHl  cxiBtiinco,  Wo  are  thus  iil>lo  to 
gel  at  the  intrinsic  energy  t)f  the  miljihato*  indimctly,  by  firat 
MoertAiniug  the  heat  of  oxidatiim,  and  then  that  of  tiolulion  of 
the  oxide  in  acid ;  we  thux  get  the  tutul  i*nergy,  but  only 
approximately,  as  we  cannot  sopuruto  frum  the  tijtal  the  energy 
dae  to  change  of  jihyidcal  atate.  Tublo  XIV.  gives  the  rianlt 
in  foot-lbs,  of  the  experiments  of  Andrewa  and  Fuvre,  arranged 
as  in  Table  XIII. ;  the  diflereucue  indicate  tbo  difficulties  of  the 
prooesB. 

TaHLI  XIV.— Eserot  op  Combination  ok  Oxidbs  asd  Aoidb. 


oiUiiir. 


iboric 

SIUU. 

HjdrKfalorlc. 

»K9 

»4>» 

341a 

)fi& 

»J'i 

}6«7 

•• 

«• 

•  • 

■III 

1J71 

"J4 

ntB 

ifli( 

'Wi 

/  '7*7 
\  '814 

.. 

I>t7 

]89S 

iBj9 

!i9i 

J0J9 

19B9 

■  ■ 

\  «J7o 

*« 

J9l6 

»;79 

19IB 

}'J9 

JOM 

|eo( 

1J4) 

1041 

1104 

1076 

|6SJ 

1649 

AiniMiotatt 
Coj'pcr  .. 
Iron..  .. 
Lend 
ralaujnm 
SilTur  .. 
Sodiom  .. 
Zinc.     .. 


590.  In  the  case  of  chlorides  there  is  a  oertain  oomplioation, 
M  HovenI  atttiouB  tmvo  to  t)e  ooDsIdered.  (i)  The  actual  com- 
kiualion  of  HCl,  which  Table  XIII.  Column  VIII.  gives  as 
4111.  (1)  As  this  IB  a  Kaaeous  body,  its  union  witn  wat«r 
giTCM  further  1358  in  forming  the  actual  acid,  (i)  Tho  heat  of 
oxidation.  (4)  The  union  of  acid  aud  oxide.  But  we  haro 
DOW  twx>  products,  the  salt  and  water,  aod  tltoreforv  tho  butt 
of  this  latter  must  bo  deducted  to  asoortaiD  the  wwr^  (^^  VVm 
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salt  itself;  aad  this  again  inolndes  tho  boat  +  or  —  bb  the  case 
may  bo,  of  tlie  act  of  solution  of  the  salt. 


I.  HCl     4711 

a.  Solution      j' 


7979 


T}ie   fonnulffi  (equivalent   notation)    now   give  tho  sevoml 
further  stages,  taking  for  examples  Kino  and  sodium : 

a     b.     e.  d.  e. 

Z1.O  -f  nCI  =  ZuCl  +  HO. 

Nt.O  +  HCl  =  NaCl+HO. 
fl,  XIII.  =  ZuO         8437  NaO 

6.  XIV.  =  1649 

e.        Above  7979  HCl 


e   XIIL 

i.      ZnCI 

Solution  + 


16055 
0841 


HO 


•4i9J 

7979 

35605 
6841 


11314 
1243 


997  » 


NaCl      1S764 

—  10} 

18867 


Tho  last  fij^roB  agree  closely  with  thoao  of  the  auhydrous 
chlorides,  of  which  the  Kiuu  gives  out  heat  in  diaaolving,  and 
the  Hodiuui  produces  cold. 

J 91.  I  have  in  this  way  calouluted  tho  salts  in  solution,  and 
umn  III.  Table  XV.  is  tho  energy  thus  obtained  of  the 

Table  XV. — Ekekqv  of  Pboto-salts. 


L 


I. 

It,     SulpbtUl. 

111.  OhlQildn. 

IV. 

Chlorldiatij 
Cumbuatlai. 

Bujl  a  Usui. 

n.-lil  nt 

GOUlTBlU. 

EMF. 

FV-IK  pef 

EqulVOtU. 

Coppor 
HjrdMgBn  .. 
Inn          .. 
Zina  ..     .. 
Bodinm     .. 
PolMiIiim.. 

1878- 
8917- 
9668- 

lOJOt' 

IJJJ'- 

I8|l8- 

I-ljS 
I-919 

1-069 
)'14S 
J'JW 
J-9U 

68s  7- 
7979- 
10599- 
iisi*- 
18764- 
19161- 

1-467 

1-707 

1-168 
3-400 
1996 
4->ll 

45  JJ- 

9»i7- 
99B(- 
iBjBS- 
19996- 

several   ohloridee,  while  Colnmn  IV.  is  the  energy  dorolopod 
bj-simpio  i^aEtibustion  in  ohlorine  gas.     In  (this  ublo  1  havn 
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giveo  the  energy  in  equirolta  am  well  as  foot-Iba.,  for  uac  in 
iifLvr  cftlonlatiooa.  A  Himilar  proocaa  would,  in  the  cue  of 
iiiilliltat««,  l«  mofe  aoonnte  than  tiie  ono  om|ilaYO<l,  if  we  kiiovr 
Llio  real  uixir^  of  fornuttion  of  SO,,  bocauao.  whtia  iiiiitiug;  the 
uaA  uul  btee  we  form  inter,  aa  well  aa  the  salt.  I  have  omitted 
niUatea,  beoanae  the  reaotiona  vary  greatly,  and  full  data  ara 
not  attainable. 

;93.  la  it  not  obviona  that,  by  attaching  fi^roa  liko  theae  to 
ohomical  aymbole,  we  i;iv^  them  a  new  meaning  and  farue?  If 
tlie  princinio  were  fnlly  carried  otit,  huw  clear  reautionii  would 
become.  Why  do  iron  and  eino  decompoau  aulphurio  add  while 
copper  and  ailrvrdo  not?  The  tables  anawer  iw;  1h«  intrintuo 
energy,  i.e.  the  attraction  of  oopper  and  ailvcr  fur  aiilphniio 
radioU  HO,  in  leiut  than  that  or  hydrogen  in  tito  iirDixirtiona 
nhuwu,  whilii  that  of  iron  and  nine  ia  gRMiter,  If  the  lU-ficic-ut 
energy  ia  HuppUed  by  heating,  then  cupiwr  and  xilvur  will 
react  unon  the  adds:  for  the  i^me  reaoou  naiKeut  hyJrDgeii 
or  aulpnnretted  hydrogen  can  preoi[)itr»t«  the  nietab  aluve 
hydrogi-u  in  the  li^t,  but  not  tlji^o  hi-low,  in  acid  itoluttona. 

53J.  SuBsrmrnoH  op  Hxsou — If,  instead  of  dirciotly  com- 
bining two  radioaU,  we  substitute  one  for  another,  the  foroe  of 
the  reaction  will  )>e  equal  to  the  diffbnnoo  between  the  attnio- 
tlODs;  and  thus,  if  we  exohauf^  radical  for  radical  in  a 
deeoeDding  Mries,  at  each  alep  we  get  an  inatalment  of  energy 
set  free,  and  it  ia  found  that  the«e  iustalmeota  bear  a  distinot 
nlation  to  the  uleotromoiive  force  of  hatteriea  ao  eonstituted. 
The  action  of  the  Daniell'a  cell,  which  ia  a  oonvenient  sturttng- 
|>oint  for  mnasuromont,  is  the  substitution  of  aino  for  copper 
in  the  sulphate,  for  cini!  ia  disaolved  at  one  plate,  and  copper 
deposited  at  the  other :  the  energy,  therefore,  ia  according  to  tlie 
tables 

Sulphate  of  zino      1050J 

„  copper         5878 


(1-079x4675  =  504^)- 


4635 


Andrew*  glvea  5450  rk  tho  ruanlta  of  his  experiments,  whioli 
roproMiutn  1-167  volt  as  tho  EMF.     It  is  prdluiMe  tbat  thej 
diirorentKuliibilitigKofthotwoKaltsis  thocuDseof  tliediQ'vreuoea.] 

PreM":it  knuwledgo  is  not  mfBoiontly  porfoot  to  enable  aa  tol 

rely  much  on  any  of  these  fignroa,  but  it  la  generally  oonaidoredl 

that  the  EMf  of  this  reaction  of  tlie  Daniell  cell  is  1*079 

vultn,  and   Table   XVI..  with   tho  preceding  ones,  will    sive 

I  roadcTH  pretty  well  all  the  iofotmation  at  preaeut  attainable ;, 
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the  dntA  nre  those  of  Andrews  and  Favre,  and  in  the  last  column         H 
1  have  oalculnteil  the  forcee  in  volts,  as  compared  with  that  of          H 
the  Dnniell  taken  as  datum.                                                                   H 

I 
Table  XVI. — Force  of  Displacemest  of  Metals,                     ■ 

^^m             llet4ll  DKpllod. 

HcUli  SnMlluled. 

VulU. 

Lf«L 

Iron 

KIDC 

ZIIK. 

eUrei       

84S4 
J7>9 

lyfioj 
9iJ? 
4414 
661A 
J4S0 
tlS8 

J74J 

J67S 
)fi6l 

j'4«i 

i'8o7 

1-190 

f079 

■74» 
■  7JO 

f          594.  Electbomotive  Pokce  jutd  Iktriksic  ENsnar. — Harine 
now  Ascertaitted  the  energy  of  the  varioQB  reactions  emp)oyea 
in    oloetrioity,  wa  have   ncrt  lo  lUaoover  how  this  energy  is 
changed  into  an  electric  forco,  and  to  do  this  we  mnet  first  aeoer- 

1        tain  thu  value  in  foot-lbs.  repreeeuted  by  the  volt — the  meaaure 
of  electric  potential  or  pressure.    Now  it  ia  obvious,  g  481,  that 
tbifi  being  a  static  measure,  can  no  uinro  he  expremed  by  iUolf 
in  fiiot-lbs.  than  can  a  ton  weight  resting  on  tha  ground ;  with 
the  preasure  ninst  be  united  time  or  motion,  as  in  mechauics. 

Just  as  the  attraction  of  gravity,  acting  throtigb  a  unit  of 
siiacc,  fiirnifihce   tho  nieohauiiml  unit,  the  foot-lb.,  so  a   unit 
£  M  P,  A  volt,  acting  through  a  unit  roeistanco,  an  ohm,  will 
give  UB  a  unit  of  electric  enci^y  if  ve  employ  some  unit  which 
iliall  oiirri'spond  to  thu  pound  in  the  mechanical  unit.     Thia 
intiBt   bo   Bomul)iing  answering    in    electricity  to  the    idea  of 
"(juantity,"  as  thu  jiound  represents  the  analogous  idea  of  mat* 
ia  matter.     As  shown,  S  404,  the  only  proper  value   ia   that 
qUKDtity  of  matter  to  whio  1  Nature  her«e  f  oonneota  ulectxioily, 
■m. — 

^^L                          .^ =  electric  eqaivalent. 

Any  syatom  of  weights  may  of  course  be  used,  but  aa  part  of 
tia  doSaito  eyaUim  of  this  book,  I  muBt  of  necessity  use  here, 
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to  m*fco  the  prinoiplea  clear,  that  wei(;ht — the  gr&in  equivalont 
whiuh  holds  to  m;  ehemie  ouir^ut  the  relation  which  the  coulomb 
hoMs  in  the  U.A.  ^raten  to  th«  amprre  current. 

5^^.  An  ampeni  of  ourreut  is  the  olTi'Ut  of  cue  volt  in  a 
circuit  of  one  ohm  durin);  one  second,  and  thin  ourrent  is  equal 
dnriug  the  bbiDo  time  to  ;  '£8  obemioal  nnita,  or  iu  t«n  hours 
prodnces  5-69  equivalents  of  obexoioal  actkm  iu  grains;  that  is 
to  ny,  an  ampere  current  mafntainod  for  C}}8  seconds  (or 
£})3  oouloml:ifi)  oorrcaponda  to  ft  oh&miu  isurn-nt  uiaintaincd 
tun  hours,  and  represents  i  grain  equivalent  of  tjlectrio  qnantity. 

59<S.  The  energy  developed  iu  or  ahiiorhed  by  a  circuit  is  in 
*ho  ratio  of  the  8i|uare  of  the  current ;  it  may  bo  measured  as 
beat,  or  in  mechanical  unite  and  tha  value  for  an  ampere  under 
tmit  conditions  iain  calories  'a^ofi^,  which  for  ten  huura  gives 

Ampere  oqui'l-alcnt,  calory  '34055    .. 
Oaloriea  tofoot-Ibe.  j-ofiiC    .. 
Tan  hours  =  36000  sooonds    ., 

Foot-lbs 

-T-S*fi8         

Foot-tlfH.  per  volt  cquirale&t  .. 


-I -381)859 
o-485a}Oo 
rs56}oa5 

4'4'J9'H=»«544 
o'7S4i48i 


3-6695701  =4675 

Ten  honra  divided  by  5-68  gives  us  63)8  seoouds  aa  the 
nninbcr  of  coulombs  reqnirod  to  efibot  one  grain  equivalent  of 
action,     nonoo  we  get  by  tho  absolute  system 

Work  of  ampere,  C.G.S.  units,  orga  lo*  7-000.000 

O.G.S.  unit  in  fuol-ilw. 4-8676563 

6338  sccimds  }-6oi9447 

Rjot-lbs,  jier  6338  am]]cro-«DOoiids  ,.  3-6696010  =  4673 

The  same  tcbuU  may  be  obtained  in  a  variety  of  wnys.  and 

each  of  these  calculations  (experiments  made  in  figurox)  furnishes 

■■ome  data  which,  with  others  similarly  obtained,  I  hnvo  trans- 

tferred  to  Tablo  XVII.  for  use  in  other  ca<^08.     This  roniilt  is  of 

apnme  importance,  for  it  gives  a  definite  monning  to  the  volt, 

rhioh  bas  hitherto  been  too  ideal  to  grasp. 

5^.  The   E4UIV0LT. — This  is  tho  name  1  proponed  for  th« 

Lanit  just  arrived  nt,  which  unites  the  ideas  of  ijuantHv,  /area, 

tnd  energy,  and  oonnects   thcni  as   a  definite  value  with   tlio 

ttomic  theory  and  notation  of  etiemiatry,  and  will  net  as  the 

lit  of  the  correlation  of  fureea.     The  uaiue  is  compounded 

om  the  "equivalent"  aa  the  basis  of  quantity,  and  tho  volt  as 

tUiat  of  potential.    The  name  has  not  oaugbt  un,  and  tho  idea, 

.  this  concrete  form  ia  not  reccircd  by  the  profesBors  and  mntho- 

itioians,  prubably  becuuso  it  uyakcu  too  dear  tl)o  absolatfe 


ICui^arCnJI, 


M«lre 

Ditto  (inillim.  to  iuUb) 
MiUimelre  equare      „ 

Gnintiis      

(Jrammometro 

CqIoit  <  gTD.-dcg^C(mt.l    i 

Ditto / 

Ditto(nicc.  eqnt.  i=4i7"87) 
q.  Ditli)i>oT  cMiiiiiicor  ..       i 

10.  „    oqiiiV]iteiit        ..       / 

11.  Cifiili|;ni'l"Tlieniio.C+ji'') 
ii.  Onivily  Piircoof(y> 

ij.  C.ri.S.  unit  IliB  irj/   ..      .. 

14.  DittD        dillo 

It.  A miii'rB  current 
16.  „  or  coulomb  equivalvnt 
t;.  ..  M Mulowb  p«r  Mtim J 
lb.  Climiio  ciirrdtit,  10  l>oiita 
lij.  lUltodc  Workof(ff|iiivolt) 
r^.  Jnulwl  (rolt-uiu]i)!rp)  ( 
)i,    .,    0'xB>  Mworlcf 

31.    „     B  X  G/  uliuHti 

I].    „    Theoredral  / 

14.    „     V  UtueorgnUnoquLCiB) 
i(.    „    ditto  of  grnmmo       >. 

Id.       „      llf«t«(Wlktl*r+»p.ln>4lt) 

sj.    ..       ..       '"I'lt"      ■■      ■• 
it.    I,    Hp,  BvH.  cub.  wnt.    .. 
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Table  XVIl.  Values  of  Cokvbrsion  of  Uritb. 
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nectiun  of  ulectrioUy  oud  eaet^y  lo  maiftfr,  uiil  bar*  tho  w»y 
tbfl  regions  of  tliu  etlier  and  alHStract  theory.  But  tlio  idoft 
llMlf  ia  nou<;  tlie  1<;M  niiivoraally  ruueivivl  in  «  Idtii  dufitiita 
fomi,  (inij  Uie  (.tiiiiviilt  iteolfiii  oommoulv  uai-d,  only  miiW  the 
tilla  of  a  "  coTistniit "  in  OuIcuUtiuuK,  us  will  l>e  aenu  in  i  638.  Thu 
t^nivult  tlie^n  is — 

(1)  Eiitrrgy  cquivftlfttit  bi  467J  fooUlbA.  «X6rted  upon  a 
polarized  chum,  cAch  link  of  which  in  uti  "ek*otriQ  eqiiivulaut," 
i  46;  undor  the  etruin  uf  1  volt  civet roniotive  furco. 

(2)  The  uiechunical  energy  of  1  volt  exertud  nnder  unit 
Oonditiona  through  1  grain  equivalont  of  choniiual  itdiun. 

( j)  The  Hourw  of  bo  nmny  Toltx  of  E  M  F  from  imv  ciiemioal 
rOACtion  fts  I  gfttin  e'jtiiviilont  of  thiit  ri.-uctiou  will  pruduoo 
vquiri^ltR  of  eniTgy  ;  therefore  Uie  volt  and  eqnivolt  Lire  injual  as 
to  value,  but  not  tlui  same  thing* ;  the  volt  in  jiressuro  eimply, 
but  the  etjuivolt  is  pn:!sauro,  time,  ami  equivalence,  i.  o.  energj'. 
558.  The  Equivoll  at  iAe  Unit  of  Corre/afitm.— The  doctrine  of 
e  oorretatioii  of  forcoB,  or  equivalent  conversion  of  any  one 
Tin  of  energy  or  "  mode  of  motion  "  into  otliere,  is  the  gruudeet 
d  most  fruitful  of  all  roodurn  aoieutJIio  aobievemenlB ;  itB 
ia,  however,  o)jHourc-d,  and  tla  work  ji^reatly  limited  by 
e  Hyatvm  of  uaing  arbilrsiry  unite  ditfurinn  for  every  form  of 
>roe.  Tbow:  who  have  undin-stoitd  the  priuoiidea  involved  in 
,  urevioua  aectlunii  of  tliis  chapti-r  now  neo  tliat  the  e^iuivolt 
mpplies  the  mnob  uutxled  oouiuiuu  unit  of  in<-aauremeut  for  llie 
films,  but  when  thuit  UMtd  it  will  have  tu  lie  exprcaHui],  uot  in 
terma  of  the  ^rain-Mpiivalent,  but  of  the  amjiere-grauime  equiva- 
lent as  cxtilained  f  6;o. 

It  should  be  uiiderntood,  hou-ever,  that  in   ihe  C.G.S.  aystem 

tjy  ia  to  aomc-  txtvut  a  uuit  of  oorrelatiou,  as  it  ex|tresseB  all 

of  energy.     But  it  does  not  and  cannot  fulfil  the  function 

equivolt,  lieoaufio  it  is  a  unit  of  energy  onltf,  and  is  not 

nected  to  the  atom  of  matt«r. 

599.  FoKnne«  ia  the  definite  name  vhich  I  propose  for  that 
orgy  which  is  oonvertablo  into  electric  energy,  and  wbiob 
'uccB  that  stress,  action,  or  pressure,  which  we  mea«UTd  in 
.Tolts  and  call  ttoltage,  $  499.  It  consists  of  the  intrinsic  or 
Specific  energy  of  constitution,  SS  ;So  &  j8;,  and  also  of  the 
energy.  -|-  or  —  as  may  be,  of  solution  of  eubatanocs :  that  is  to 
say,  It  is  that  energy  which  is  fixed  upon  and  intimately  oho- 
oiatcd  with  the  moUcithi  of  matltr.  Ilerv,  th«n,  wo  see  thu 
basis  of  the  facts  of  current  mentioned  H  49l-3<  and  the  import* 
anoe  of  studying  the  theory  of  these  facts  in  the  actual  pho* 
lOmena  of  nature,  as  presented  by  chemical  action  in  battertoHii 
her  than  in  iJie  form  of  abstractions  baaed  vt^mv  X^» 
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funoUons  of  E  M  P  as  derived  from  »  meohanical  §ouro6  : 
au<toubtedIy  the  action  is  tlie  aamQ  ultimately,  bnt  in  the  case 
of  the  battery  w©  are  compelled  to  keep  to  natuTe,  while  in 
the  other  we  may  run  riot  among  formulie.  We  have  here 
the  two  funotiona,  eurrevl  and  energy,  both  originating  from  the 
one  molecule  of  matter,  and  never  dissociated  throughout  the 
circuit:  the  function  of  the  molecular  structure — the  current, 
perpetuated  throntfh  the  whole  circuit  unchanged,  Ijecauae  it  ia 
eaaentiftlly  a  phenomc-non  of  the  structure  of  matter,  and  the 
eqnivalenoe  of  atoms.  The  energt/  never  sepai'ated  from  the 
luoIeculeA,  which  b'y  their  motions  are  tbe  agents  of  its  trans- 
mission, but  gradually  expended  in  those  very  motions,  by  trans* 
formation  into  heat,  which  loaves  the  oirooit.  This  is  just  what 
happeua  in  those  manifest  mechanical  motions  which,  as  we  can 
actually  observe  them,  enable  us  to  comprehend  these  molecular 
motions,  which  are  beyond  our  actual  examination,  as  shown  in 
I  451  and  Fig.  58. 

600.  Contact  and  Ciieuioal  Theories. — Ever  since  the  di»- 
ooTcry  of  current  elmtrioity,  two  thoories  have  been  raainlaiDed 
nit  to  its  production,  Onoechool,  following  Volta,  attributre  tho 
origin  of  oiirront  to  a  "  force  "  duo  to  tho  mere  contact  of  tho 
ttvo  I>odies  producing  a  disturbance  in  tho  normal  distribution 
of  electricity,  asmimed  to  be  a  eonstitncnt  of  all  bodies,  which, 
extending  to  noigbbouring  siibstAUCos,  Bot«  up  cloctrio  and 
obemical  effects.  The  other  eclioot,  following  frulvuni,  bun 
attributed  this  origin  to  the  rcaetion  nf  chemical  ajjinitia.  Until 
rcocntly  nearly  all  English  eloctricinns  have  aiioptisd  tUu  chemi- 
cal theonr.  in  the  belic^f  that  Fumday  had  clearly  dcmouBt rated 
tho  baselessness  of  the  contact  theoty. 

But  in  our  new  source  of  electricity,  the  dynamo  machine, 
wo  do  apparently  obtnin  enormous  current*  of  eleotrioity 
without  chemical  agency,  and  this  may  to  eorao  extent  explain 
tlio  revival  of  the  oontact  theory,  But  it  is  certain  that  in 
those  machines  the  souroo  of  electricity  is  in  no  way  "  contact," 
and  when  we  look  a  little  further  we  find  that  it  may  I>e  traced 
to  chemical  actiou,  because  it  ia  derived  from  tho  oousuui)tion 
of  vonl — that  is  to  say,  the  chcmicul  reaction  of  oxygen  ou  oarbon 
and  hydrogen.  Tho  one  thing,  however,  which  these  machines 
prove  ia  that  electricity  is  derivable  from  "  energy." 

6oi>  The  fnntart  theory  hue  undergone  various  ohaugos;  at 
finit  it  was  hr^d  that  tbe  force  originated  at  tho  jiuiiit  of  contact 
of  the  (ko  mr.ialii,  say  cnpper  and  uno.  Faroda}'  demoustrated 
the  produi;tion  of  voltaic  electricity  when  no  met&la  were  in 
oontact,  and  by  a  numl)er  of  proofs  demolished  the  contact  theory 
Ja  this  form,  Aad  established  the  oheutcal  theory  by  proving 


tiwi 

dtet 
iucl 


CONTACT  AHD  CSKUICAL  TDBOKIBS. 


817 


^ 


L 


tint  no  eleotricitv  was  produced  except  U  en  acampaniment  of 

dumkal  aetum.    Then  the  coutact  theory  was  modMod  so  as  to 

include  the  conUiet  of  all  hetertigeufout  iid»lancet.     After  a  time 

idea  VW  added,  that  eonlacl  it  Iho  soTtrce  of  the  electric  forc«, 

\\  tlMrt  oheiilical  action  waa  ueceesary  to  nminlain  the  el^etrie 
OKmtl.  Bri.'U^ht  into  thia  coui)iaa8,  the  (jiicetioQ  may  be  di-fmed 
nbtiog  vhetlier  eleelrifat  action  aritetfroitt  clunaical  aclioritoeeurring 
amoitg  the  bodic*  preaeiU,or  mhfther  tin  ehemicol  aclioitariirtbeaiuta 
«lt  ekfirical  force  U  created  by  tlie  amtact  of  thv  hodUa.  It  miiat  be 
admitted  that,  bo  stated,  the  <|u«ation  seems  to  be  almost  one  of 
words,  and  that  there  is  no  practical  difCurence  between  the 
two  theoi'ieA ;  the  molecular  theory  adopted  in  these  [>ag<:4 
imlly  combines  the  truths  of  the  two  othors  in  one  harmonioua 
system,  for  it  shows  that  electric  polarijsation  tends  to  be  pro- 
duced whenever  any  two  heterogeneous  substaaoes  come  uto 
OODtact. 

«oa.  Thu  coKlaet,  however,  is  no  new  tnysterions  foroo  or 
*'  difference  of  contact  potential,"  it  is  the  ordinary  ckemieal  force 
of  affinity,  neocflsarily  exerting  itself  npou  all  its  sarroundiugs, 
whether  wiihin  the  molecule  constituted  by  virtue  of  its  action,  or 
i^jon  the  external  atonu  brought  within  its  range  by  the  contact, 
which  merely  means  dose  nci(;hbouThood,  allowing  force  to 
ibute  itself  upon  the  universal  law  of  the  inverse  square  of 
ces. 
lerefore  this  theory  in  really  the  chemical  thoorj-,  and  not 

tact  theory  developed,  and  although  it  may  appear,  as 

Iwfore  remarked,  that  this  is  a  tuere  <iQestion  of  words,  it  is 
nsilly  one  of  gieat  iiuportanoa.  The  point  is  whether  we  have 
thti  right  to  invent  nome  new  force  whenever  we  want  to 
explain  something,  or  rather  to  adopt  some  sounding  word  to 
wmp  our  ignorance  in,  and  then  offer  that  word  as  an  explana- 
tion of  facts  we  do  not  undontund. 

6oj.  An  experiment  of  Sir  W.  Thomson's  is  constantly 
quoted  as  proving  the  existence  of  "contact  potential":  it 
iaa  modification  of  the  quadnuit  electrometer  dcaoribed  S  75. 
InBtc^ad  of  oppoKite  quailrante  \mtig  charged  -|-  and  —  from  an 
Qxtomal  souroo,  they  are  themxelvos  made  of  different  metals 
in  the  form  of  half  rings,  and  the  moving  plate  is  nuapeuded 
over  one  of  the  openings :  if  any  "  contact  force  "  exist  between 
the  two  metals  tho  needle  remains  at  rest  when  they  are 
separated,  and  moves  wlieu  contact  is  made  between  them  at 
tlie  opposite  ends  of  the  half  rings  ;  this  is  exactly  »hat 
happens  whenever  wires  attached  to  tho  bars  are  mode  to 
touch.  Here  it  may  be  romarked  thul  ihia  is  precisely  the 
same  thing  as  making  the  metals  thomH«l\4:a  Xwut^ijiw  iitaXViM 
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what  Ihe  maleritU  of  the  wires  mag  be :  both  in  this  caea  and  in 
the nuo- electricity  it  is  oaly  the  terminal  motals  which  affect 
the  result,  because  any  intermediate  junctiona  neutralise  each 
other. 

C04,  TimiixpvrimQnt  prones  the  chemical  theory.  Mr,  J.  Brown 
of  Itelfast  repeated  the  experiment,  and  proved  ttiat  tha 
diOereuce  of  potential  set  np  varied  in  dej^ee,  varied  in  direction, 
according  to  the  nature  of  the  atmosphere  bathing  the  open 
junction  of  the  metals:  the  divided  ring  of  two  metala  with  tha 
space  between  them  constituting  a  pure  galvanic  ceil,  in  which 
the  relation  of  the  meUdt  to  each  other  playe,  if  any,  the  most 
insiguificant  part,  while  their  relation  to  (fts  gat  to  vihteh  they  are 
txpoeed,  the  chemical  action  set  up,  is  the  whole  oause  and 
measure  of  the  effect, 

605.  Dr.  Fleming'a  oxperiiuenlal  battery  waa  haaod  on  the 
same  principle :  he  suspended  bout  strips  of  lead  and  of  copper 
alternately  in  a  series  of  glaasoa  coutaiuing  attoniately  uitrio 
acid  and  iwntasulphide  of  sodium,  so  that  each  vessel  contained 
ft  Strip  of  coppor  and  of  lead  without  any  conlAct  of  difforont 
metals  anywhere,  but  so  that  the  chemical  action,  as  ivlatcd 
to  the  two  fflctala,  was  alternately  rovcrsod,  and  tho  voltage 
geooratcd  by  thoeo  actions  was  altomatety  from  lead  to  copper 
and  from  copper  to  lead,  rcsiUting  in  one  continuous  E  M  K  and 
current,  absolutely  independent  of  metallic  contact,  but  due 
wholly  to  ohamical  energy. 

606.  Wo  may  put  the  facta  into  tha  form  of  a  law.  Wherever 
ihert  i»  free  oaergy  preacnt  (as  heat  in  themio-eloctrieily)  or 
uherever  there  it  potential  energy  aceking  to  become  frca  (m  whoro 
chemical  affinities  can  come  into  play)  in  pretence  of  differen- 
tial jaolecalar  ttractwrea  or  condition*,  there  energy  takee  the  form  of 
electric  potential.  Vottanoe  becomes  voltage.  The  quantity  of 
energy  associated  with  any  moleoidor  oonditions,  or  acting  in 
the  molecular  chain  measures  tho  ISMF  due  to  the  particular 
conditions.  This  is  what  is  embodied  in  my  e<luivolt>  and  it  is 
known  and  admitted  even  by  those  who  maintain  the  contact 
theory.  The  generation  of  E  M  F  in  dynamo  maohinos  ulso 
depends  upon  the  enerfty_  applied  to  moving  tho  ivii'es  across 
ft  magnetic  field,  in  which  tliey  are  subjected  to  molomilar 
streeses. 

607.  Even  the  difference  of  temperature  of  two  parts  of  tho 
same  solution  will  set  up  B  M  F,  just  us  it  does  in  the  thermo- 
pile :  so  will  the  act  of  solution,  which  itself  generates  either 
-f-  ei*  —  heals,  §  591 ;  what  is  the  satue  thing,  a  dilute  and  con- 
ovatrated  solution  set  up  EM F  at  their  junction,  and  in  all 

oasoa  cilia  Mction  is  dojicuduQl  on  tKe  diroQlvon  vi^  whioh  heat 
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jianes.  In  all  cases  W6  find  EMF  means  ImaEmiasion  and 
duBgeof  form  of  energy,  and  we  mny  now  study  tho  moohanism 
of  the  opeiation. 

6d9.  TtuNsMmTioM  OF  KHEGay. — Admittiuj;  theciistencoof 
Atomsand  molecules  asdoscribod  H  lo,  i}i,aud  their  possession 
of  mutually  attractive  powers,  varjing  iii  dej^reo  with  their 
,  Dature,  it  is  evident  that  when  difiereut  sul)stances  come  within 
lie  range  of  their  mutual  attractiotis,  they  must  eicrt  a  dis- 
irbinK  action  on  each  other's  constituent  particles  :  thoeo 
Itoms  in  tho  two  bodies  which  have  tiie  creatost  attraction 
Sot  each  other  will  turn  towards  each  other,  and  weaken, 
they  do  not  altogether  overcome,  the  attractions  which 
them  in  their  original  arrangement  :  the  disturbanoo 
caused  is  propagate  to  the  contiguous  molecules ;  hcnco 
produced  a  consocutivo  orderly  arrangement  called  polariia- 
Uon,  tending  to  complete  a  closed  chain  or  circuit,  owing  to 
ibo  action  of  the  partially  released  atoms  seeking  fresh  partnen 
or  pointa  of  union,  i  4C;. 

609.  GALVAsicCincuiT.— Womnyfind  an  illnstration  in  nmg- 
netism.  Wo  may  regard  the  atom  us  a  small  magnotio  noodle, 
tlio  moleoale,  as  two  such  neodlcs  mounted  on  a  stem  with 
their  poles  opposed,  formiug  an  astatic  pair  in  which  tho  attrac- 
tions of  the  seTomI  potcs  satisfy  each  other ;  now,  this  nocdio 
boing  easpended  frcoly,  will  bo  indifferent  as  to  position,  bnt  if 
wo  bring  a  magnet  near,  tho  existing  internal  equilibrium  is 
deranged,  and  the  astatic  needio  will  place  itself  in  some 
position  due  to  tho  external  influence;  the  same  will  occur  if 
wo  bring  a  scoond  astatic  or  combined  system  near  the  first 
(they  being  capablo  of  free  motion  in  any  direction) — they  will 
airaoge  themselves  as  is  represented  by  Fig.  £5. 
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I  and  2  represent  mulcoules  held  together  thus  b^  the  forces 
of  poUr  attraction  of  the  utoaiB  repreeenled  by  spiral  springs. 
When  two  such  molecules  approach,  part  of  thoir  forces  act 
exlvnially  and  bold  the  moleoutes  together,  though  with  &  ftn^^ 
lem  powerful  than  tlie  internal  affinity.    ^  ana  \  wi\k'««'j  "O&ia 
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Sftine  idea  more  fully;  in  ]  the  internal  attraction  is  ehown 
Htruug ;  ill  4  it  ia  weakened  by  part  ol'  the  nttrnclions  being 
directed  externally  to  the  uoarebt,  or  moat  attracted,  of  the  atoms 
of  the  approaching  molecule.  This  is  the  action  described 
throughout  this  work  us  eleetrtc  pular'nafhit,  to  which  tlio  actions 
of  electricity  are  chiefly  due.  This  idea  as  to  etntctnre  of 
matter,  which  I  have  long  held  an  to  matter  generally,  has  be^a 
applied  and  very  generally  adopted  an  to  magnetic  matter:  it  is 
the  hania  of  the  most  recent  theory  of  Prof.  Ewing,  illustrated 
by  his  admirable  experiments:  vrhich  is  itself  also  the  theory 
of  Prof,  HugUes  camod  somewhat  further  intodetnih 

610.  We  may  imagine  a  line  of  equidistant  magnetic  noedloB, 
wMoh  can  turn  ou  their  axee  but  not  change  plao^ 


N   8 


y   8       N_S 

+  -     +  - 


N_S 

+  - 


Such  a  syHtem  would  arrange  itself  in  polar  order,  and  on 
pnwenting  n  S  pole  (ns  ij  at  the  end  of  the  row),  each  magnet 
would  revolve  ami  transmit  motion  along  the  line,  or  if  the 
tcrniinnl  magnet  were  moved  a  similar  action  would  occur,  and 
by  it  mcoliiiniual  energy  would  be  transmitted,  losing  itself 
partly  on  the  way  by  friction ;  lh(>  more  distant  mitguutii 
would  also  have  leea  vfTort  exerted  upon  them,  under  condiliouH 
Analogous  to  tlie  fall  of  jwti^iitial  in  a  conductor,  S  4^1, 

61 1.  A  mechanical  form  of  thiH  idea  oonaiata  of  a  row  of 
wheels  working  into  each  other  and  all  moved  by  energy  im- 
parted to  the  first  one,  which  energy  is  transmitted  along  th« 
row,  each  wheel  moving  on  ibi  axis  without  change  of  place. 
This  convoys  the  two  ideas  of  "  quantity  "  and  of  work  just  m 
completely  as  does  tho  transmission  of  a  material  balk  of  watvr 
in  a  pipo :  each  rotation  of  the  wheels  is  a  measure  of  quantity 
as  perfect  as  is  tho  motion  of  a  foot  of  wat«r,  and  the  energy 
transmitted  will  bo  as  the  square  of  the  number  of  rotAtious  in 
a  given  time.  Uere  then  we  have,  as  in  electricity  and  aa  in 
hydraulics,  $  50J,  conditions  corresponding  to  the  number  of 
turns  (quantity)  and  the  pressure  applied  (EM  F),  resulting  in 
energy  as  C  x  K. 

613.  PoLAuiZATiOK  BT  POSITIVE  T&zTM., — These  ideas  are 
readily  trausfered  to  tho  atoms  and  molecules  of  matter,  for 
there  is  very  great  reason  to  believe  that  every  atom  is  endowed 
with  a  Bpeoies  of  polarity  flimilar  to  that  of  the  single  umkIIa, 
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A  plfioa  of  zino  is  imriientotl  in  sulphuric  acid  ftud  Uio  muleoulet 
in  oonteot  instautly  armuge  ibemsolves  thtu : 

-     + 

ODO  of  the  «tuiue  of  sine  ttttmcting  the  §t]lphurio  radical  BO4 
und  wenkenin^  the  fircTioUK  iotomal  attractiou  of  this  fur  tha 
hydrogen,  which,  with  the  second  atom  of  the  sino  moleoiilB, 
aimilarlv  exerting  oiternal  force,  aot«  in  turn  upon  other  mole* 
oulea.  till  A  oomplote  chain  is  formed  throuj^h  the  liaea  of  leant 
resiatauoe.  This  is  lull)'  shonrn  as  regards  the  Dauiell  cell, 
i  46J,  and  in  the  itiugle  lino, 

-z^TziT.  soThT.  soTcU!  6Iirci  + 

Zinc  entering  into  solutioik  and  copjier  deposited  setting  fVee 
the  differential  voltance,  S  59J. 

61J.  Acrio:i8  at  Nboativk  Fl&tb. — We  have  seen,  $  ;9i, 
that  the  total  energy  derived  from  sine  in  sulphuric  acid  ia 
10,505  ft.,  or,  the  equivolt  being  4673  ft.,  we  may  aay  thst 
the  gross  voltage  of  dno  is  3*348,  lees  dednotions  to  bo  now 
ascertained,  (t)  There  ia  the  energy  absorbed  by  the  substiinoo 
set  frc-o — onjiper  in  the  Dauiell ;  niRoaa  gases  in  the  Grovo  and 
Bunsen,  chromio  alum  in  the  bichromate  (some  of  thcae  may  bo 
simplified  by  regarding  the  process  as  the  liberating  of  oxygen 
from  prior  combiuationV  and  most  serious  of  all,  hy'^rogcn  in 
the  single  acid  cells,  (3)  There  is  the  effect  of  thu  nogntivo 
plate  itself,  and  this  has  been  generally  ovorlooki^il,  ullhough 
>t  is  well  known  that  the  E  M  F  of  a  coll  vario*  with  the  nature 
of  the  negative  plate.  The  theory  now  nnder  ooiisiduration 
will  tell  us  why.  Wo  have  seen  tho  xinc  polarizing  the  liquid, 
hilt  on  the  same  priocipli^s  every  metal  w»uld  attraot  thu  acid 
radical,  and  tend  U>  set  tip  polarizatiun ;  this  nieaus  a  struggle 
botweon  the  two  metals  for  the  possesBiou  of  the  snlphurio 
radiual,  and  that  the  force  develnped  in  the  chain  is  due  to  tha 
differmee  of  the  two  attractions,  bo  that  only  the  balance  of  the 
greater  foroe  is  available  to  eject,  say  the  hydrogen,  at  au  ex- 
penditure uf  6841  foot-lba..  Icuiving  Uie  rusidue  to  develop  into 
EM  F,  Mid  ultimately  into  work  and  heat.  The  total  poesibl« 
foroe  of  a  Smeo  ur  nimilar  cell  is  thereforo — 


Tut«l  furoe  of  xinc      „ 
Abaorbod  \>y  hydrogen 


foot<pounds  10503  =  volta  3 '348 
6841  „     1-464 


=  \<^i 
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and  from  this  has  to  be  deducted  the  counter  effect  of  tho 
negative  or  coDocting  plate. 

614.  Here  wo  see  the  reason  of  the  rapid  failure  of  single 
acid  celle,  such  as  the  Smee,  i  201.  The  E  M  F  tesled  eo  aa  to 
prevent  its  working,  as  by  condcnaers  or  against  high  resistance, 
IB  mni^h  lurger  than  this.  Clark  gives  it  as  i  ■  09S,  and  as  only 
■407  when  working;  the  difference  is  prolwbly  the  energy 
kbeorbed  in  rendering  hydrogen  gaseous;  for  under  the  firat 
condition  (high  resistance  and  very  small  current)  the  hydrogen 
set  free  does  not  actually  become  a  gas ;  it  either  fortne  u  1  iquid 
(me'al^  film  on  the  plate,  or  enters  into  a  pnrtial  union  with  it, 
or  is  dissolved  in  the  liquitis,  and  the  energy  needed  to  gasify 
the  hydrogen  is  available  for  E  M  P. 

6iy  In  e*tiioating  tlie  counter  force  of  the  negative  plate  we 
roqutre  some  starting-point  to  fix  an  actual  value  on  wliat  is 
otherwise  only  relative;  the  oountor-force  of  carbon  is  so  small 
that,  in  the  general  uncertainty  of  the  figures  available,  we  may 
connt  it  as  nothing,  because,  although  a  conductor  like  the 
metals,  nnlike  them  it  cannot  replace  hydrogen  as  a  base,  or 
form  eulta  with  acid  radicals;  bence,  properly  truuleJ,  carbon 
gives  the  hicheat  attainable  force,  and  w«  may  Jiseuuie,  without 
much  risk  of  error,  that  the  force  it  gives  is  that  ul  the  +  metal, 
lees  only  that  of  the  substance  set  free  at  the  —  plate.  This 
applies,  however,  only  to  nitric  acid  and  similar  colls,  on 
account  of  the  great  capadtv  carbon  poesessca,  like  platinum,  ot 
oondensiug  hydrogen  npon  its  snrCaoe. 

Taking  the  value  of  the  nitric  acid  cells  as  given  by  Olark, 
Table  XVIII.,  and  oxpreeetng  all  the  forces  and  actions  in  the 
eqnivolt,  we  obtain,  as  a  starting-poiDt,  the  force  absorlied  in 
deootapoeing  nitric  aoid. 


Total  force  of  «iic      Tolt82-a48 

Carlwn  in  Bunneu  cull      .,       .,         .,      ''9^4 


Force  nbeorbod  by  nitric  acid . 


■264 


In  the  Grove  cell,  all  the  conditions  being  the  same  except 
that  pUtinum  replaces  carbon,  we  have 


Force  of  carbon "■9^4 

„        platinum       •■'J50 


OonnUtr  foroo  of  flatinnm 
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TbeGe  oxamjtliM  show  the  proGnsaeB  umptoyed  lu  ualuulatlng 
the  following  tallies.* 

616,  ELirrBOMOTiVK  FoBcR  OF  Cells. — Table  XVIII.  u  com- 

Siled  fTOiii  TariouH  Bonrces,  which  differ  very  much.  My  own 
elormiuationa,  inuile  for  tho  calculationii  now  being  cousidered, 
were  made  with  a  sine  galvanometer  throngh  a  resietance  of 
1500  ohms,  and  with  the  apjiuratiis  described  £  578.  Tliey  only 
claim  approximati)  acotiraoy. 

61 7.  'i'able  XIX.  shows  the  E  M  F  of  Grove's  cell  under  dif- 
ferent couditiona;  it  ie  duriyed  frum  Poggendorf,  aud  is  very 
inBtmctive.  The  different  foroe  given  by  the  at-ids  in  different 
degrees  of  dilution  well  illustrates  the  conversion  of  specific 
enersy  into  electric  force.  Ab  we  mix  the  acid  with  water  it 
dsTelops  heat,  and  this  means  loss  of  potential  energy,  therefore 
a  diminished  amount  available  for  use;  for  the  same  reason 
heating  the  liquids  increases  the  E  M  F.  Still  my  own  expori- 
ments,  do  not  show  that  this  produces  anything  like  the  effect 
Hhown  in  lines  ti  aud  ij  of  Table  XVIII.,  on  the  authority  of 
Clark  and  Habine ;  I  find  that  the  dilution  of  the  sulphuric  aoid 
affects  the  reaistanoe  rather  than  the  E  M  F. 


I 
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Zlaa  la  Sulpbutlo  AcU. 

FUUnum  111  HlUlo  Aclil. 

Fore* 

Sp«ti[8o  graTitj  cijS 

..            „         foia 
1.            .        I'lift 
..            ..        i-oio 
Ba1pbat«  or  lino 

ComiUClD  OILlt 

Corn>entfnlefI    .. 
Bpeoiflu  grnTitjr  i-j^ 

■•           "       ' "  )l 
n           n        1 ■  '9 
p>            It        >  ■  '9 

■1            *i        *  JJ 

1*809 

f7jo 
l*««l 
I-t]i 
i-S;j 
'•V>i 

618.  I  have  found,  an  shown  in  the  last  line,  that  salt  with 
aoid  gives  a  high«r  E  M  F  than  Huljihurio  aoid  doea,  this  bein 
dac  to  the  reaction  of  the  two  li(|uids  npoa  each  other,  wbtoi 

*  There  nro  peculiarilin  liithtrto  UDonlioed  Id  Ihf  )»l»rlour  of  curboD  anil 
pUtiuum  u  negatlTci.  In  lanifl  cipnimsnu  I  linTa  nmi  two  pl>lw  of  Iht  um* 
ili«  Id  dllt*r«Dt  rugintt.  In  diluli  ic\At  nai  in  chnnnic  iidd  I  fnuoit  thv  E  M  K 
with  ttirboD  0D<4liUi  finalri-  ihio  wHh  pUtlBDm.  But  whto  (h«  uoi*  pUt« 
mn  OMd  ID  Ditri<  *M,  ih«  plminum  e>T«  nrj  illghtlj  Ihi  groatfr  lotve.  Thit 
would  indlotv  a  •Dure*  of  thg  dtlTartiit  mnlu  by  dloartot  uperimeaten:  the 
oubsD  li  knawD  to  ratii  in  i)u>tity  ftbd  go  doM  ]>tatlDiini,  and  baaJdci  thli  then  1* 
nrobnblj'  ■  dlSttcQl  T«lttioa  nritb  aaeh  rariatlDB  ufqaatltj,  to  th*  arid  TAdlcaliof 
li^rrol  ttctUmU. 
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oomcB  in  ftid  of  the  sine.  It  will,  however,  give  bighor  current 
only  when  the  cztomal  ro«istftnc«  is  l*rge,  as  iis  own  greater . 
<  resisttuico  coimtcrbalanccB  the  oztra  force  it  generat^x.  A  glanoo ' 
ftt  Tablo  XV.  will  osplain  this,  as  Col.  Ill  ehows  that  the  force 
of  ohlorides  in  solution  is  greal«r  th&n  that  of  stilphatcs  exoept 
in  tho  caeo  of  the  aoids  themselves:  th«  consequence  is  that 
eulphuriu  acid  acta  Upon  salt,  metallic  chlorides  are  proiluoed 
togother  with  fnitphatc  of  soda,  and  this  extra  force  is  added  to 
tlut  of  the  circuit,  as  it  is  in  the  same  direction.  For  similar 
rowons  HGl  gives  higher  E  M  F  than  II,SU„  §  187. 

619.  Tiible  XX.  gives  my  own  exporimi^nts  on  nitric  acid 
ftnd  similar  cells,  as  to  the  cIToct  of  dtSeront  oxidizing  ag«Dta, 
&ud  of  diltervnt  metals  u  positivve : 


Table  XX.— Forcss  op  Oiicahts. 


I. 

U. 

ni. 

IV. 

V. 

NcfBUit  Cill. 

PHlIlnOelL 

ElKinwwUn 
tone. 

TuUl  Kcim  ul 

FUUduoi- 

»Dlptiur<c  Kh). 
1  hi  ID  •mn'. 

Kilrio  Mid,  «p.  g.  i'j]4 
II 

h 
11 

Nitralo  or«adii  nud  ml- 
pliuria  ociil 
II 
lltL-hrotnniD  of  pntnuli  .. 

Zinio 

Iron 

Copper 

Siter 

Zlno 

Iron 
ZiniJ 

I'jil 

(■184 

•786 

■47« 

I '540 

I  ■  sir-.; 

a -143 

I'»7J 
('Its 

•4»7 

W 
■1 

■J4t 
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610.  Force  of  Positive  Uetals. — From  the  foroe  giv«n  by 
each  combination  in  Table  XX^  and  using  tho  foroo  of  >tlno 
ftlready  obtained,  f  591,  aa  the  atarting-point,  the  value  of  othev^ 
met4ilB  is  readily  arrived  at.    Taking  a -248  vulta  or  eqnivoltil 
as  tlie  total  value  of  sine,  the  actual  force  generated  uuacr  any 

fiveti  conditions  givua  the  leas,  or  force  absorbed  by  tbeae  con- 
ItlouB.  In  the  Grove  we  have  2-248  —  i-^6i  =  'dSy;  all  the 
oonditions,  except  the  po^tive  metal,  remaining  tiuoWuged,  tliia 
ia  a  coustftut  loea,  and  by  addiDg  the  actual  foroa  each  metal 
yields,  we  obtain  the  total  force  that  metal  oan  generata. 
Table  XXI.  gives  tlie  results  of  sevenil  such  prooesses,  and 
ftlao  (hu  value  derived  from  Favre's  ligur«a  uf  \\v«  %vA^\«.Vk. 
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Tablb  XXI.— Force  of  Positive  Metals. 


aive-  [111. 

Zinc-, 

IiuDp 

Copptr. 

^iTel. 

Table  XXm.,  Col.  n.       .. 

Gro»e-».XX.,Ool,  IV.      .. 
Kuvie.  XV 

a '348 

H 

I -Til 
1-701 
i'67i 
1  '^>6q 

i-iBo 

'■»7» 
1-358 

1-174 

These  figures  agree  among  themi^elves  more  oloeely  than 
those  given  by  diSerent  authorities  for  tlie  same  experimentB ; 
but  iron  presents  an  anomaly,  owing,  probably,  to  its  capacity 
for  forming  t«-o  sets  of  salts.  However,  while  Favre's  tigTires 
make  its  vulue  3'069,  Andrews'  give  it  as  i'8S8,  so  there  is 
obviouely  room  for  further  information. 

C21.  CouNTEit  FoROK  OK  NEiiATivES. — It  wfts  pointed  out  in 
§  61}  that  while  the  chemical  action  at  the  pusitivo  metal  is 
the  source  of  E  M  F  there  are  two  actions  at  the  nejjative  plato 
which  diiuiuish  this  force ;  the  first  to  cousider  is  tlie  opposing 
power  of  the  negative  plate  itself.  This  can  be  ascertained,  like 
the  poailive  force,  by  keeping  all  conditions  constant  except  the 
negative  plate.  Table  XXII.  gives  tlie  forced  produced  by  both 
sets  of  changes  kt  one  view. 


TAnLE  XXII.— FoacE  or  Metals  is  Solphdbic  Aoin. 


HiwUm. 


FUlioniu 
Bilver  .. 
Copper  .. 
Iran 


IVMIln*. 


Sllnr. 


■'W 


Coppv. 


■m 

•1J9 


Inn. 


■jsi 
■ajfi 


zinc. 


L 


The  platinum  lin«  and  Kino  column  are  the  observed  figures  ; 
the  others  are  calculated  from  them.  The  forces  are  those 
produced  against  such  r<<•<i)ItAnc■^  as  prevents  the  formation  of 
gas:  by  d^ncting  -583  from  them  we  get  the  force  under 
wvrkiag  coaAitioDS  (§  61)).  though  here,  ^ain,  iron  Hhows  a 
diMropaDcy.  as  it  woald  appear  u«.t  iroa  wii  ivat:  ■wdvd.d  not 
prviluoo  a  working  current,  thougli  in  ivA  "Ciw^  ia. 
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As  the  full  foroe  of  sine  U  3 '348,  and  i'l$7  is  the  highest 
actual  force,  we  have  3-343  —  t')^7  =  '8B1  as  the  coastant 
quantity  to  dednot  from  the  total  toes  which  each  negative 
metal  shows  in  the  same  way  with  zinc ;  thus  silver  and  zino 
give  1-107,  which,  taken  from  a-a^S,  leavea  i-i^i  —  881  = 
•  260  as  the  oonnter  foroe  of  silver,  la  this  way  Column  UL  of 
Table  XXIII.  is  obtained. 

I  may  here  remark  that  platiniiiod  silver  acts  premsely  as 
silver  so  far  as  the  force  is  oonocmod ;  its  value  is  in  throwing 
off  the  gaa,  and  so  diminishing  reeiBtance  ;  and  hence  it  would 
appear  that  it  is  more  economical  in  the  long  nm  to  use 
platinized  platinum  than  the  choajpor  silver. 

Columns  IV,  to  VII.  of  Table  XXlII.  show  the  net  force  duo 
to  the  metals;  deducting  the  counter  effect  of  the  negative  plate, 
but  not  of  any  chemical  reaction,  which  is  considered  in  next 
aection.  Home  writers  say  that  tLis  relation  is  constant  for  all 
liquids,  but  this  is  not  so ;  it  is  a  matter  of  chemical  Teactiou, 
and  the  relatione  may  even  bo  reversed ;  thus  iron  is  positive 
to  copper  in  acids,  but  copper  is  positive  to  iron  in  sulphide  of 
potassium  and  olhi*r  1i<)uidii.    See  §  605. 

The  figures  ici  tliu  tuble  are  baaed  on  nulphurio  aoid,  but  are 
approximately  correct  for  all  the  urdiuiiry  coiubtuatious,  aa  may 
be  seen  by  Table  XXI. 

Table  XXIII.— Fobck  or  Mbtals  ii»  Volts. 


I. 

u. 

IIL 

IT.             T. 

VL        ni. 

HUDH. 

TcrulH 
PulUvs  Id 

Solpboilc 
AebL 

Ooimf* 
FvneH 

Foice  of  Foillliei  u 

Dppcvrd  to  Calocon  1- 

aiiwT. 

CeulKia     .. 
Dntinam 
»lvar       ..     .. 
Copper    ..     .. 

0 

(?) 

1-174 
fiBo 
I-7JJ 

1-148 

0 
■008 
■16a 
■506 
■809 

■  a 

1-148 
1-140 
l-q»8 
1-741 

i-4i9 

0 

I -713 

I-JIS 

"■♦5J 

1-109 

i-iBo 
1-171 
l-oio 

1-174. 
I -166 

6aa.  CiiDnoxL  Codkter  Forcb  at  Neqative  Plats. — The 
second  deduction  from  the  E  M  F  is  thu  cli<.-mic«il  action  tu  the 
liquid  at  the  negative  plato.  In  S  6t  j,  netting  hydrogen  free  is 
set  down  nt  i  -4^4  equivolta;  this  iit  an  excess,  no  doubt,  for  it 
is  the  force  of  ooiubuatiou  of  hydrogen,  which  iiicludes  the 
lateot  beat    of    gasifioation    of  oxygen;    In    work,   however, 
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batterios  appear  to  obsorb  tbia,  for  the  counter  force  of 
hydroceD.  coating  the  plato  makeB  it  up.  Taking  the  foroo 
whon  nydrogon  is  not  set  freo  as  gas,  we  may  obtain  thu  latent 
heitt  or  energy  of  gasification 

Force  of  Smeo  observed     1M07 

„    ailrer  zinc.  Tablo  XXIII 1-983 

Diffrrence  =  abeorbed  by  hydrogen                 ..        -SBi 
Porceof  combustion  of  ditto ■'4<^4 

Probabte  latent  energy  of  gaaea -jSj 

£31.  This  is  the  deduction  to  be  made  from  Table  XXIII.  I. 
get  tne  working  force.  By  similar  processes  wo  can  obtain  the 
energy  absorbed  in  each  of  tho  difft^rent  actions,  «nd  thus  is 
formed  Table  XXIV. 


Table  XXIV. — Ekeimsy  AiuoiiSBD  is  NEai.nvB  Bbaciioms. 

Equlvolu. 
Single  oelb:  ptiro  hydrogen     i"4S4 

„  Biiuid      „  -881 

Nitrioooid.    Fuming        -284 

„  Specific  gravity  I* }8  ..      ..        -jfio 

t*  »  i-JJ  -.      ..  -430 

•I  »  I'ta  ..     ..  •470 

Nitnteofsodjt  and  sulphuric  aad   ..      ..  '708 

Bichromate  of  potash '■m 

ICanganoee  peroxide ■£87 

Copper  in  Daniell         'jOo 

614.  By  dednoting  the  proper  one  of  these  figure*  from  tho 
proper  one  iu  Table  XXIII.,  every  information  can  be  obtaincil 
aa  to  the  mode  of  forming  batt«riefl,  and  much  waate  of  time 
and  money  may  be  saved  in  testing  any  idea  which  ocoure  as 
to  a  probable  combination :  if  the  requisite  metal  or  liquid  is 
not  in  the  tables,  the  first  thing  to  do  is  to  make  a  simple 
exi>eriment,  and  add  tlie  result  to  the  proper  table.  Such  a 
process  would  at  once  dispose  of  many  of  the  omde  idons  which 
HUggest  themselves  to  experimenters.  Now  (so  onlled  new,  that 
is)  batteries  are  being  continually  patented  still,  and  thousands 
of  pounds  hare  be«n  lost  in  reoont  yearn  by  oonipaniee  formed 
to  work  them,  which  would  have  been  mTM  had  tlieee  eimpio 
prinoiplea  been  understood.    This,  with  what  I  have  said,  S  J99, 
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is  my  ruaauQ  for  rotainin^  an  maok  alniit  bnttoriuB  at  &  tima 
when  thoy  may  bo  constiJered  uf  muall  impurtttuee  to  nioat 
rcad'ini. 

The  Hgunw  in  all  th<.-«i<  tiibloa  refer,  uf  tKiune,  tu  tlto  purfeot 
oondition  of  thingfi.  Hiiil  At  first  starting :  in  nil  (Muea  tliu  uLaugua 
whiiili  oociir  in  aolian  sricm  rtiluoe  tliu  foroe, 

615.  It  i»  ovidont  fri>m  nil  thititi  figur<is  that  EMF  and 
chemical  nffinity  nro  inanifi-ittationH  of  ouo  natural  force.  It  is 
in  faut  aclcnuwiudgcd  by  all  i<k>i;tncianii  that  K  M  F  tu  related  to 
tli«  {Mjt«ntial  onorgj-  uf  ciiirmioal  afBiiity  (>iveu  by  thoao  who 
aay  tlieru  in  no  inlerdvpoudvuov  iliou);b  Doth  may\w  related  to 
Bome  third  agency).  It  In  a  certain  fact  that  in  eleotrolyaia  tlio] 
breaking  up  a  aukstance  into  a  simpler  oonditiuu,  fiiob  aa 
deoxidation,  involves  the  presence  of  an  EM V  which  takes  no 
part  in  the  usual  formuU,  which  is  not  active  in  producing 
ourrent,  that  is  to  say,  the  formula  must  bo  written  E  —  e  to 
account  for  the  actual  cuiTent  produced.  This  —  e  is  jnat 
equal  to  the  positive  E  which  the  reverse  act  of  oxidation  will 

Jroduoe.     On  tho  other  hand  it  \a  Imown  that  some  onei^. 
iupi^ears  which  in  not  iwxK>unt<jd  for  in  tht'  It  of  tho  circuit,' 
and    tikis  energy  agniu  is  exactly  tliat   imrresminding  to   the 
ohemioa]  union  broken  tip ;  here  (Jieu  we  havi!  tiit^  two  terms,  E 
and  energy,  oonuected  and  e<juivitleut, 

£j6.  This  is  commonly  stuted  in  the  following  nianner.  The 
work  done  in  transmitting  electricity  is  h6  E  X  Q  (which  is 
simply  £  X  C  in  another  form,  without  i^ckouiog  timu,  as 
C  =  Q  -^  T),  and  the  sumn  formula  upplion  to  doing  thin  ugainrtt 
«u  opposing  £  M  F,  UM  in  a  decomposition  evil.  In  this  ouse 
a  ohemical  combination  ia  reverscHl,  of  which  in  most  oaae« 
tho  calorific  equivalent  has  been  experimentally  determined,  as 
in  Cols.  VII.  and  VIII.  of  Table  XIII. 

Let  H  represent  the  heat  of  combination  of  I  (^mme  of  ft 
BubetMioe ;  eay  hydrogen  =  ]44C]  combinini;  with  oxygen,  and 
itino  passing  to  sulphate  iCj}  calories. 

Let  A  represent  the  coulomb  equivalent  of  any  substanoe  in 

SrammcN,  Col.  IX.  Table  XIII.,  multiplied  by  10  to  bring  it  to 
i<!  C.G.S.unit;  J  being  the  equivalent  of  the  calory  ia  orgs, 
4a  X  10',  and  the  volt  being  10*  units,  we  have  ' 


Wire 


ExQ=QxnAJ. 

An  arithmetical  result  of  this  equation  is  tliot  removmEl^ 
from  both  sides  wo  have  E  =  HA  J,   which  mvani  ESf  F=^ 
ingy.    An  example  will  make  this  pliiiu. 


H  =  oalorios 
A  = 


J  = : —  fts  before 


In  tto  case  of  hydrogen  burning,  we  have 

n  =  caluriea  344^'  I'^'S  4*5J734*'S 

A  =  -00001012  X  10  ~4'°o9545J 

J  =  4'3  X  lo' or   41,000,000  7'52ji49j 

Energy  in  ergs 

I  volt  =  C.O^  unite  10* 

VoltsofEMFduetothounionof HftndOo*r70ij5i  t=  i'48o 
In  the  ease  of  rinc.  forming  sulphate,  we  have 


iSaj  Logvaio)i85 

•ooojijHX  10        -}-5"7S7' 


=  -i-6aj349i 


Itsn  3*373  —  1*480  gives  *79a  &b  the  EMF  of  thoaotion  of 
zinc  disaolvisg  and  giving  off  hydrogen,  which  is  much  the 
uanie  aa  the  figure  given  §  6 1 }. 

C2J.  Ilcneo  wo  have  this  AodnxtioD,  the  E  M F  a>rre»po7uiiny  to 
any  atemicat  action  i»  eaaal  lo  the  product  of  the  equivalent  leeight  of 
the  baiie  ion,  and  of  the  heat  0/  eomhinalion  of  the  two  i(m»  erpreteed 
atC.O^S.  aniliofwork:  thnt  is  to  say,  whon  nil  the  elements  aro 
reduood  to  tbo  nhsolute  expression.  How,  in  the  face  of  Buoh  » 
fact  and  such  an  aooeptod  Uw  can  any  one  dicpnte  the  stutoinent 
that  E  MF  is  merely  a  metamorpbosis  of  cliemicnl  affinity,  aud 
talk  about  contact  potential  in  faoe  of  the  eridAnce  that  both 
ohemioal  affinity  and  E  M  P  are  forms  of  eniM^,  correlative, 
convertible,  and  expresaible  by  identical  figurew. 

C2B.  The  OitTHODOx  Cohmtan't  =  46000.  I  mentioned  in  i  597 
that  though  my  conception  and  term,  the  equivolt  wu  not  wol- 
oouied  by  the  profe«<sors  unci  mutbeiiiatical  pleetrioians,  yot  thoy 
made  use  of  the  thing  itself.  I  quote  this  ciimmnn  definition 
"  to  reduc-  heat  unlU  per  dyad  gramme  mnWvJe  direct  la  voltt,  ate 
Iftfl  rf>ui»or  46000."  Dr.  O.  Lodge,  in  his  adiiiirabte  papers  on 
eleotrolyeis,  gives  this  explanation ;  "  If  ^  elands  for  the  beat 
production  per  dyad  gramme  equivalent  (he  laoaua  molecule 
or  atom)  of  the  substance  (o.  g.  per  1  SgrammuB  water,  g8  grammea 
sulphuric  acid,  or  1 36  grammes  of  chloride  of  ztno,  it  is  easy  to 
see  that  E  =  ff-^  46000  =  volts,  for 


J  =  42  X  10*. 


966o1t' 
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wh«ro  n  ia  the  molociiUr  weight  of  tho  Hulistanix-,  n»  compared 
with  un  atom  of  hrdrogea,  and  i  is  the  atomioity  or  numbor 
of  boDiis  looBcd  in  ttio  decompoaition." 

619.  Thi§  is  ronJly  eicoUent  if  w*  oonoeive  that  tloriseTB  of 
nathoriiatical  formufn  ar«  actuated  by  tho  principlos  followed 
by  •ODOuntants  when  preparing  the  bafftnee-sheobi  of  companies, 
to  xuike  them  as  nnmoaning  as  pomiblo  to  ontsidoTH.  Why 
shonld  wo  be  bothered  with  "  dyud-gmmmo  oqwivalenta,"  and 
then  have  to  insert  tbo  mystic  k  (atomioity)  ia  every  caloala- 
tion  ?  Why  not  do  this  onc«  for  all  with  modem  notation  chem- 
ical p-yraboU,  and  get  at  oner  to  tho  simple  *'  monikd  gramme 
equivalent "  ?  That  is  what  I  do  in  §  594  and  Table  Xlll.  Uol 
V  I„  and  thereby  get  at  a  fact  of  nature  insteiu]  of  u  mere  mathe- 
matical formnla. 

But  why  that  very  compact  46000  ?  If  any  thing  ia  certain  it 
Im  that  such  a  neat  figure  mu»t  eertaiiily  be  incorrect:  well,  it  ia 
merely  the  result,!  511.  of  using  that  other  neat  round  fignro 
4]  X  10*  for  what  would  more  likely  requires  seven  figures  to  give 
correctly. 

^or  — '    moans  i_22?  =  jj,ooo, 
k         i  * 

and,  using  the  gramme  mnnad  atom  instead  of  tho  gramme 
dyad,  1}, 000  is  the  proper  unit  figure,  tho  "coDstaDt":  it  is 
also  the  certainly  ineorrect  value  in  round  numbers  for  that 
which  I  give  (probably  inciirrpctly)  in  S  630  as  ]}266.  As  to 
thiH  matt«r  of  oorrect  valueH,  I  will  quote  what  1  wri.>to  in 
the  '  Eleotrioian '  about  tliix  particular  subjoot,  27  May,  ■  8S7. 

"  The  uncertainly  of  the  actual  value  is  duo  to  tho  fact  that 
we  do  not  know  exactly  iis  yet  what  an  ampere  oairent  is,  how 
to  get  a  real  ohm,  what  we  meaa  by  a  volt,  the  work  valuo  of 
the  volt-ampere,  or  the  exact  mechauical  eriuivuhmt  of  heat. 
Wo  oan  as  yet  only  reoo|{nuEe  our  knowledge  lut  approximato, 
try  to  improve  it,  but  Htill  perceive  that  our  errors  of  meosure- 
ment  do  not  affeot  the  uatunil  principli^s  concerned." 

6jo.  BkiujvoLT  FOR  Oramhk  Sy^iem. — I  gave  this — tho  oon- 
stant  arrived  at  upon  theiie  principles,  which  lend  us  to  a  natural 
taw  inatead  of  a  mete  formula.  Let  U  be  the  catorii-s  per  gramme 
equivalent,  us  uiiually  given  in  tables,  or  aaeertainod  by  II  x  A, 
S  626.  Let/=  ajj87-7,  Ixig  4-56712171  being  the  work  in 
calories  of  an  ampere  current  ^fleeting  1  gramm<i  w^vtq.Vvnv'L  a\ 
action,  in  97806  ■}  sooondji :  Lo.  655%  X  tV  ^%»- 

We  naw  hare  s  figure  which  is,  fot  tue  giMOva**  ««^w*w».'^ 


I 
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and  oalorj'  eystem,  tlie  same  thing  as  my  equivolt  is  for  the 
grain -equivalent  and  ft.-pouiid  eyBtem  S  J96>    Thdii, 

H  hydrogen  i  gramme      )44£i      ^S     4'SJ7MOS 
J  giaramo  e<iuivolt         aja87'7  ^■i&jii']! 

VoltB  ofEMF  due  to  Hand  Oaa  before     o- 1702134=  1-480 

6j  r.  I  have  given  this  original  valoo  to  correspond  with  tie 
other  valutJB  used  in  ihia  Chapter,  but  we  may  as  well  arrive  at 
tho  newer  values,  with  ampere  =  silver  -OOl  118 

I  gramiue  H •      ■•      ••         o'ooooooo 

Ag.  ■001118/108     -5-0150160 

Time  =  Beconds  q66oi 4'9849820 

Joule  in  ergs,  Tallo  XVIL  1.  3}  ..       "i '  J797507 

Equivolt  ajooi       =  4'}^'7i'7 

This  approximation  to  the  "  constaot,"  $  62B,  is  due  to  use  of  the 
org  value  of  the  joule,  which  ia  related  to  tho  value  42  x  lo*. 

If  we  use  the  experimental  value,  not  to  be  too  much  truatvd 
now  the  coulomb  value  ia  altered,  we  have 

Time  in  seconds,  96601 4*9849610 

Joule,  Table  XVU.  1.  32        ..      ..       "i-jBijejg 

Equivolt  3J347       =  4"  566(679 

We  shall  know  the  true  value  some  day. 

6ja.  Work  o?  Heat  Varies  as  the  Sqcarr  op  thk  Current. — 
The  following  formuhe  give  the  heat  or  work  developed  in  any 
circuit,  using  the  proper  nnita,  E  in  volts,  K  in  oums,  C  in 
amperes,  T  time  in  trecundtt,  and  J  tbe  constant  repreoeuting, 
iu  Table  XVII.,  the  value  of  tbe  joule  of  work  : 

I.    C»  X  H  X  J  X  T. 
a.    C  X  E  X  J  X  T, 

,     E*  X  J  X  T 

J ^ 

That  ia  to  eay,  in  the  same  reaiBtanoo  and  time,  the  work  of  tho 
current  varioa  na  tho  square  of  tho  current,  or  while  by  Ohm'a 
formula,  the  current  itself  tinder  these  oonditions  variM  directly 
ff*  /Ae  EMF,  the  work  varios  aathe  tquan  of  the  EMF. 
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ThiH  i*  h  stntnbling-block  to  many  (eBpecially  when  regarding 
oleotrioity  iix  u  flitid)  who  onnnot  eee  why  doaUing  the  quantity 
of  a  fluid  pHJsdiig  shonid  enduo  it  with  fonrFold  force;  but  All 
inyBtery  dieappears  when  oxamiDed  by  the  light  of  tho  molo- 
oulnr  theory,  ftnd  bj^  sid  of  the  hydranlic  analogiee,  S  ^05,  Ao. 
Let  118,  then,  study  it  in  a  limplo  exponment,  emplopng  tho 
figures  we  have  olrowly  obtained. 

6}i.  Let  nn  tAko  three  similar  biohromate  colli.  A,  A^  A', 
the  force  of  each  of  which  is,  per  Table  XVIII.,  volt«  I'olS, 
tlie  internal  rcBtstanoo  tftken  as  ohm  o'  3  arranged  oa  in  Fig.  66. 

Pio.  ee. 
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0  is  a  galvanometer  wlioau  reeiatauoe  we  call  o- 1,  and  whose 
valne  in  amperes  is  known. 

B  is  a  rheoHtat  or  resistance  inetrument  for  adjusting  resist* 
anoe  and  current  as  required. 

C  is  a  calorimeter,  such  as  deeoribed  i  ]S6,  the  wire  of  wbich 
has  a  resistance  of  t  obm. 

J>  is  a  depoBiting  voltameter  with  two  copper  plates  and  a 
resiotdnce  of  ohm  0'3oo. 

The  functions  of  these  two  should  bo  fully  understood:  D 
measnreti  oiirrent  or  "  qiuuitity,"  pure  and  ritnplo ;  so  long  as  a 
given  current  passes,  exnctly  the  same  weight  of  copper  deposits 
in  the  eame  time,  whether  i  or  50  cells  be  employed,  and 
whether  the  resistance  of  D  itself  be  ■  a  or  100  ohms.  0 
measures  the  energy  or  heating  power  of  the  current  in  a  fixed 
resistance ;  if  this  wire  be  t  ohme  instead  of  i,  it  indicates  double 
work  done ;  but  if  it  lie  i  ohm,  but  the  '"  current "  be  doubled, 
then  it  indicates  fourfold  work. 

6)4.  We  wish  to  obtain  through  this  circuit  with  one  ocU  an 
ampere  current,  what  mnst  the  resistance  be  ?    Tho  formula  is 

_-   =  B =  3*038. 

0  1 
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A,  !at«mal  resistanoe 

B,  rheostat  oiid  cooneoUoDs ;  to  be  made  ^      ■ ;  1 8 

a-oa9 

Under  these  oonditions  a  current  of  1  aiupere  paaaeB,  aud 
therefore  in  6338  SL'Liundu  1  equivalent  uf  chemiciil  action  takes 
place  throughout  the  circuit;  that  ia,  32'6  grains  «f  Kino  are 
aiBSoWed  in  the  cell  A  (induponUent,  of  oounjo,  of  any  local 
action),  and  in  O  31*75  grains  of  cop^rare  dissolved  from  one 
plate  and  depo«itea  on  the  otlier,  while  in  C  heat  is  prodtiood 
equivalent  to  4673  foot-|>ound8  of  energy:  that  is,  enough  to 
heat  I  111,  of  water  a  little  over  6°  Fahr. 

635.  We  must  now  assume  a  few  conditions  to  adjust  the 
experiment  to  the  theory.  Let  u«  consider  the  wire  of  C  as 
oonBisting  of  a  single  chain  of  molocnles,  along  which,  during 
the  solution  of  an  equivalent  of  zinc,  467  )  iiupuleos  or  moleonlar 
vibrations  arc  transmitted,  each  impulse  being  equivalent  to 
I  foot-pound  of  energy  for  each  unit  of  cuiTont  generated  in 
the  chain.  These  figuros,  though  assumed,  truly  express  tho 
fact*,  for  it  is  the  same  in  the  end  whether  one  single  chain 
represents  oach  action  as  i  foot-pound,  or  whether  a  million 
molooiilar  chains  transmit  eooh  only  one-millionth  of  a  foot- 
pound ;  the  total  figures  are  tnie  uithor  way,  but  the  assumption 
InntieheB  a  definite  conception  of  the  &oto,  and  deals  with  them 
in  aiaiple  Sgiires. 

636.  Under  these  conditions  we  may  deal  with  the  E  M  F,  and 
energy  in  a  simple  Vi:  and  (Jr.  account,  thus ; 

Dr,  EquiToIb.      Pt-Ib». 

I  equivalent  of  zino 2,148       10,503 

Or.  OhcuB.  l<:qulvolU.  Ft-lba. 

Aboorhed  in  dooiidation '230         l,03S 

As  heat  in  cell : 

Struggle  of  polarization,  iii'l  ..    'OOO 

Besistanceuf  cell      ..       ..  'soo 

^t'D^G  !^^'?'"'!''^"^''  }  '^'^  *'"^        ^■^'^ 
Besistanoe  of  calorimeter  C  I'ooo        4,^73 

2*346      10,505 
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6j7.  We  now  insert  a  second  cell.  A',  and  our  E  M  F  becomes 
4'0;o,  the  internal  TeBistanoes  *40O,  and  therefore  we  reduce 

that  of  B  leaving  total  reaistance  the  same ;  then  — — ^  =  t. 

3*029 

Onr  current  is  now  doubled — that  is,  G  marks  a  current  of  a 
amperes  per  second;  D  deposits  6j*5  grains  of  copper  in  the 
equivalent  periiid  of  6j}8  seuouds,  or  twice  as  much  as  before  ; 
but  C  marks  heat  equiviuent  to  18,693  foot-pounds,  or3i"i  heot 
units,  that  is,  fourfold  energy,  instead  of  only  double  like  the 
rest.  Why  ?  There  being  two  units  of  current  there  are  two 
equivalents  of  Kino  disitulvod  r'n  each  oell.  There  ar«  two  cells 
and  therefore  we  have  fourfold  energy  given  up  by  tho  21110. 
Bat  the  ohuu  of  molecules  is  unaltered. except  that  by  iiisert.ing 
the  MCODd  oell  we  have  doubled  the  strain  put  upon  the  chain, 
making  it  4'oj6  volts  instead  of  2'039,  and  therefore  each 
molecnlar  impulse  has  a  force  now  of  3  foot-pounds ;  owing  to 
this  double  energy  it  overcomes  the  resistance  in  half  tlie  time, 
and  therefore  the  current  is  doubled. 

But  tho  consequence  of  this  is  that,  in  the  time  of  <he  oxperi- 
nient,  we  have  now467j  x  3  =  9346  molecnlar  impulses  (which 
represent  the  "  quantity  "  or  current),  eaoh  efleoted  under  a  force 
of  3  foot-pounds,  and  as  reaislaQCe  means,  and  is  measured  as, 
the  Ducting  each  such  impulse  in  the  single  time,  these  con- 
ditions im^y  that  the  work  of  overcoming  resiatanco  in  half 
tho  time  is,  for  each  ohm  of  resistance,  9)46  x  3  =  18,69a  foot* 
pounds. 

6}e.  We  now  state  the  second  set  of  oonditionfi  in  a  Dr.  and 
Or.  account  like  the  first : 


I 


Dr. 

Cell  A,  2  units  of  sino  .. 
Cell  A*,  3  nnitaof  zinc. 

Equi  volts. 
3-348 
••     (3-248 
4-495 

8-993 

Equitolls. 
-880 

=    3-0» 
3000 

Ft.-lb«. 
.0,505 
io,5oj 

3I,OoS 

Or. 

Deoridation  4  unit*  at  ■  33o 
Absorbed  per  ohm : — 

In  doub  ing  ourrent 

In  doubling  foroe 

43,013 

Ft.-Iba 

4.113 

aa 
•• 

I 


3X3  =4000 


ft 


ft 
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RwistanoQ  of  oelU  ..  400 

KeBJstRnoe  of  general  \  .,  » 

circuit J    

Beaistauoo  of  C 


Ohnu. 

BquiToIti. 

Ft..!!* 

I'0>8 

4  iia 

19,3  iS 

I'OOO 

4  000 

lS,fi9J 

S'oaS        8 '993     43,010 


i 


The  slight  difforcnco  in  tho  foot-poondB  is  owing  to  the  aso 
of  oven  numbers  and  neglecting  Bmoll  frmtions. 

The  ezporiment  with  three  cells  woald  give  oxactly  the  same 
roeu It,  except  that  9  equivalents  of  energy  per  ohm  are  required 
to  maintain  a  threofold  current,  and  it  is  Dcodlese  to  ooonpy 
Bpaoo  in  working  it  out  io  detail. 

639.  From  al]  thio  it  follows  tiiat  the  energy  needed  to  gene- 
rate current  and  the  energy  absorbed  in  the  circuit  or  in  CAch 
ohmoftheresivtancevary,  iiB  »  fact,  as  the  equarBof  the  current ; 
but  it  is  evident  also  that  the  etatement  that  tlie  work  of  n 
current  varies  in  tlic  ratio  of  the  square  of  the  current  is,  after 
all.  only  »  mathematical  expr^eion  boa&d  upon  a  fcinglt)  otio  of 
tbe  two  varying  oonditiouB.  un  with  static  electricity,  J  8fi;  fur 
the  real  fact,  aa  tthowu  in  tlie  Di'.  and  Or.  aoi-onnis,  is  that  It 
varies  not  as  the  squure,  but  in  the  direct  ratio  of  the  quantity, 
that  is,  of  the  Dumber  of  niutecuiar  actions  iu  a  given  time,  but 
that  it  also  varies  in  the  direct  ratio  of  the  force  under  which 
these  actions  occur;  it  in  liecuUHO  these  two  necesHarily  vaiy  in 
the  same  degree,  one  being  dtipeudeut  on  the  other,  that  the 
oombined  efi^t  can  lie  truly  represented  as  duo  to  the  square  of 
either  one  of  them.  The  i>ame  principle  will  be  f«und  to  under- 
lie every  action  which  varies  in  the  ratio  of  the  square  of  it« 
apparent  cause;  examination  will  always  discover  a  ecoond  oauae 
operating  paripattu,  the  two  linked  together  and  theieforo  pro* 
ducing  a  result  wiuob  can  be  expressed  as  the  square  of  either  of 
them. 

€40.  VoTESTiiL  regarded  tu  energn-  All  the  facts  and  figoros 
in  this  chapter  show  that  E  M  F  is  equivalent  to  energy  ttored  in 
and  applied  upon  a  dfjinite  molectilar  chain ;  and  that  **  volto  "  are 
as  *'  foot-pounds  "  of  energy  thufi  storod. 

Let  lis  now  work  out  the  idea  that  E,  «lcotriiinotive  force  or 
potential,  as  cxprt-ssed  in  the  volt,  rcnreituntK  the  polcnlial  energi/ 
alortd  upon  and  to  be  expmdrd  within  tiie  unit  vtolecular  chain :  the 
links  of  this  chain  corriwpundiug  to  1  grain  equivalent  of  chemi- 
cal action. 

We  have  here  two  distinct  quantities  to  deal  with,  those 
referred  to  §§  19  and  ai. 


J 
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t)  A  quantity  of  oncrey  Q,  which  u  467}  foot-poundi. 


2)  A  qunalilg  go  called  Q,  which  is  treatod  in  ijiff«rent 
murners  by  t!ic  ilifTcrent  Bchools  of  electricity,  ftinl  upon  the 
oloar  conception  of  which  the  com  prehension  of  ek-ctrical 
phenomena  dependi!.  It  in  oommonly  willed  the  ijtutnlily  of  the- 
trieiti/,  and  is  expresited  by  the  eleotrostatio  unit,  or  by  tho 
ooulomb,  which  is  J  X  lo'  electrontiitic  nnita.  It  its  n]»o  repro- 
aentod  by  the  mnteriul  cjnantity  Eissooiat'ed  with  the  olectrio 
quantity,  riz.  the  eleclrie  et^Hivnlnutj)  of  eiibHliincee. 

Henj  it  represents  6jj8  coulombs,  the  viilno  corresjwindiiig  to 
I  grain  €'|uiviilent  of  cliemioal  itction.  atieociiitetl  under  the  unit 
^'stem  with  467}  foot-poumlu  tif«n6Tfry. 

£41 . 1'here  iif  no  urnre  real  mystery  uliout  them  two  qoantities 
in  electricity  than  thern  im  in  meohauiicH,  wliere  aIbo  they  are 
constantly  present ;  tliK  myittery  which  surrounds  thum  in 
the  tuual  ninth emalical  treatment  is  entirety  due  to  the  arti- 
licial  "  electricity  "  which  hua  been  invented  by  the  rariouB 
theorint-B. 

We  L'Bu  obtain  an  hydraulic  auulogy  by  conipariug  the  unit 
electrical  oonditimis  to  thoi-e  of  a  column  of  water  457  j  feet  in 
height,  with  such  a  conducting  pipe  as  passes  the  unit  quantity 
(467J  pounds  of  water)  in  6n8  seconds,  which  is  a  current  of 
pound  '7)73  I*""  Bewwd;  then  the  quantity  and  enerey  are 
expressible  in  terms  of  the  pound,  as  a  value  oorreeponaing  (o 
the  unit  en«rKy  of  the  ampere  current,  i.  0.  the  joule,  wht^  i» 
•7J7)  of  the  foot-pound. 

The  same  idea  will  probably  be  more  completely  received  by 
many  minds  in  the  form  of  a  pound  weight  suspended  by  a  oord 
467}  feet  long,  and  doing  work  as  it  desoends,  in  the  normal 
time  of  Cj)6  seconds. 

6^.  It  will  be  well  to  trace  tho  relations  out  stop  by  step. 

(u)  Ehclromoliee  foret  K  means  a  quantity  Q  of  potential 
energy  (of  which  tho  unit  =  i  volt  is  467)  foot-pounds)  charged 
npon  a  chain  of  molecules  (a  quantity  Q),  of  which  each  link  is 
I  grain  eqivalont  of  mntter. 

Mech an ioo- motive  force,  §  481,  will,  in  like  manner,  be  repre- 
sented by  the  column  of  water  or  the  weight  of  f  641. 

(6)  This  poicnd'oi  energy  is,  in  the  electrical  case,  uW/y  con- 
verted into  kinrlie  energy ;  but  the  rale  0/  eonverntm  depends 
upon  tho  conditions  under  which  it  takes  place. 

(c)  Balo  0/  fontJcrsion  of  energy,  Q  is  proportional  to  rate  of 
ehenieal  aetion  Q :  both  correspond  to  tho  rate  of  fall  of  tlie 
water  or  tho  weight  S  643. 

{d)  Current  is  ipiantilij  divided  by  time,  that  is  to  say,  it  ia 
i»te  of  convention  or  transiniosion :  it  iit  wasiW^  qotvc^^vaw^  wk 

1. 
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t!ie  latter  only,  but  it  is  ncceesnry  to  ext«u(l  tlie  idea  of 
oiirrent  to  energy  as  well  as  matter  or  electricity.    llierefbTe^ 

§  =  0     and     ^  =  tt 

(e)  Unit  lime  is  6338  seoonda,  nnd  therefore  unit  C  =  ^^Vs 
H,  t^-drogen,  and  unit  C  =  JJii  =  '7J71  foot-pound, 

(n  We  see  that  iu  tUe  formula  T,  time. replaces  R,  rasistanc 
BO  caUed,  iu  the  ordiuary  Ohm's  formula ;  in  fact,  the  statement' 
that  current  is  quantity  divided  by  time,  and  the  statement  (b) 
that  rate  of  convemion  ur  transmiasioa  depends  upon  the  ood- 
dilione  under  which  it  occura,  are  tho  tune  thing  differently 
expressed,  for  time  is  simi'ly  the  inverse  measure  of  relativo 
facilities  of  conversion  and  transmission  ;  if  the  facility  of  tran*- 
miwion  is  reduceil  to  half,  as  by  halving  the  area  of  a  con- 
ductor, the  lime  of  tranEinission  of  unit  quantity  is  doubled. 

(3)  Time  of  flow  of  unit  quantity  is  thortfoie  the  measure  of 
conducting  capacity,  and  is  the  real  thing  lepreBeiited  by  tbo 
so-caUed  resiittance,  the  It  of  Ohm's  formulie,  which  in  $  441  was 
ahowii  to  rcprenent  the  reciprocal  uf  thin  oiipncity.  In  fact, 
vurrent  in  at  conducting  capacity,  and  it  in  also  (d)  inrersely  aa 
"lime"  or  '' resistanuo,"  wbiohever  expreatiun  coat  enits  par- 
ticular rvquireuent*. 

(A)  Electric  retUlance,  the  R  of  Ohm's  forainln,  roprMenta 
really  the  time  during  which  Ike  unit  quantify  0/  potential  enerjff 
becomes  kinetic,  and  this  under  unit  ooiiditious  of  the  grain 
equiruieut  is  6t^8  siieundn:  but  thia  definition  is  limited  to  the 
action  of  unit  E  M  F. 

(i)  The  conduQting  cajuicJty  of  any  oirotiit  is  proportional  to 
the  E  3tt  P  HCtiiig  uiion  it,  S  44},  for  this  is  only  auother  way  of 
stating  the  fact  tliut  mirreiit  is  as  the  EMF,  or  that  thu 
resialaDce  is  alike  for  all  currcntn.  Iu  other  words,  tlie  actual 
oapaoity  =  the  unit  x  E,  and  it  is  the  reuiprocnl  of  this  whicb, 
§  486  constitutes  the  artifioiul  "  eleotric  leaistauce  "  R,  though 
this  is  arrived  at  by  methods  a])i>areut]y  iudepeudent  of  uo 
variable  E  M  F. 

(k)  To  make  the  definition  of  (h)  general,  we  must  in  like 
manner  take  into  account  the  EMF  otM/rating,  and  then  we 
shall  find  tliat  R  corresponds  to  T  -r  E.  time  divided  by  the 
E  U  F,  as  to  unit  energy  (»').  But  B  =  T  direct  when  we 
consider  the  material  quantity  or  current;  that  is  when 
C  X  T  =  Q  =  I.  In  this  case  also  T  is  really  the  unit  time 
6jjB  -r  C,  which  in  (/)  is  shown  to  correspond  to  R, 
(i)  The  rt^son  of  tliis  is  evident  when  we  conuder  that,  aa 
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regards  energy,  we  are  deftling  with  limited  au&ntitiea  Q  «nd 
Q  divided  by  time  T,  while  Obin'e  formHlffi  <l<m1(i,  not  with  a 
general  quantity,  but  only  witli  the  qnantilitiu  related  Ui  a 
aingle  aoooud. 

Jm)  TiiHB,  if  we  double  E  we  double  current  0,  and  therefore 
ve  the  time  'T  during  which  the  unit  qusiititv  Q  (to  which 
we  are  limiting  our  wmsidoration)  pitesiiH.  But  by  doubling  E 
we  have  doubled  the  quantity  Q  of  energy  oonnecldd  to  the 
Buterial  quantity  Q,  and  Uierefore  we  have  tlieee  conditions, 

Ab  to  matter-^  =  a  .C  and  Q  ia  T*  X  .    =  i. 

2  O  C      T 

A§toenergy-— -^-,=  d.CandOii      x  .,=  3. 
S  ^  4         S 

These  are  the  oonditioina  of  (a),  those  of  the  unit  molecular 
obain  corresponding  to  Q.  upon  which  are  charged  quantities  of 
energy  oorrotponding  to  Q  X  K,  agreeing  also  with  the  laws  of 
energy  as  corresponding  to  C  x  R  or  C  x  1^. 

643.  A  few  examples  may  make  the  matter  more  evident. 

Action  oTQ  =  Enercf. 
rt-ll,.     467J._.„.,   '«_,c-j 


AoUon  of  Q  =  CntTCtit 
I  Volt  .      . 

B      !_/>.    JxExO_  ft-lhs. 


rh'- 


E.  >. 


3  y  ix  4  =  5-899 
I  will  work  this  last  out  fully  in  logarithms. 


E  I.  =  467J. 
T      =  3169. 

B  ». =  9|4ft 

T  B    IJ84 

JB-s=_m6 
T     =  »SM> 


=     I  "479 


5-89,    T  = 


T-  '^ 
U  =  4 


'09116S  T=  75- 


L 


•5  ■■ 


B. 

B 

C      -.s 

J  •7J7J 
E        -J 


"f69B9700 

0*1010)00 

~"'397<)400 
"l '6989700 
")  ■964566} 


Energy  expended  pet 


nnlt  ttnoGjjS.  =    ytoiimi 
C  -jj        s=  "r}9;940Q 

T    jjjjj  =    4-4040041 
unit  4    4673. 
E-5 

J?   ai3'. 
T 
Beoond 


=    ] -6696010 
=  "1-6989700 

=    J'J«8J7io 

'JJM  =    4'«°40047 

•091165   a  ~i- 964} 66 3 


Showing  the  potential  energy  of  the  E  M  F  converted  into 
kinetic  energy  in  trans  mi  ttiog  current. 
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644.  Il  i»  obvioufi  thut  all  this  ie  anotlier  modo  of  troatinc 
eame  principlsB  dieousHed  iu  the  chapter  od  current :  the  luTvaD- 
tage  of  going  thus  fully  into  them  is  that  we  are  brought  fftce 
to  fiioe  with  n&turut  processes.  If  in  these  we  con  clenrly  traoe 
out  the  actuiil  working  of  matter  ond  energy  we  have  no  temp- 
tfttiou  or  need  for  losing  ourselves  iu  imaginary  itl« tractions 
when  we  have  to  deul  with  currents  in  wires,  when  we  cannot 
observe  the  mechaiiiBin.  or  with  E  M  F  generated  by  moving  an 
armature  in  a  ma^ietie  field,  where  also  wo  see  no  visihlo 
mechanism.  But  in  all  cases  we  know  that  wc-  aro  really 
dealing  with  eoergy  and  with  matter  capable  of  nioleouldr 
aotioDB ;  conimou  sensti  tolls  iia  that  the  same  principles  lire  kt 
work  in  the  hidden  meehuiiiHm  as  in  tliat  which  we  can  examine. 
They  may  both  be  put  in  one  circuit,  and  we  know  that  the 
functions  are  elmilar  and  we  need  but  the  one  explanation. 

Formulaa  teach  nothing,  explain  nothing:  they  only  apply 
knowledge  to  practice. 


(     Ml     ) 
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CHAPTEB  IX. 

SLSTTBOLrSlS. 

64^.  EUctrot^tit  (breaking  up  by  electricity)  is  the  traiu- 
itiUsion  of  eleolric  ourrent  through  liquids,  aocompanied  bj'  dis- 
ruptiou  of  the  moleculea  compoaing  the  circuit,  the  oonstituent 
radicals  of  the  molecules  being  set  froe  »t  the  two  polea. 

The  plates  in  the  cells  are  called  electrodea  (eleotrlo  ways) : 
the  plate  connected  to  the  +  pole  of  the  battery,  the  copper  or 
carbon,  is  the  anode  (wa;  np,  w  catrying  the  current  out  of  the 
^ttery) ;  the  plat«  cotmwtwl  to  the  —  pole  of  the  battery,  the 
ilBC  is  the  eaUodo  (downward  way). 

The  liquid  undcrj^iug  decoiiijiiHiitioti  is  the  rieetroli/le.  The 
BM)l«calM  of  an  elcctitilyte  break  up  into  twii  radicals,  which 
ueoalled  ion*  (iudicating  iudividualily.  and  in  another  sense 
meaoiug  goln^').  Those  ions  which  turn  towards  the  anode  are 
ealled  anion»  \  and  those  which  appear  at  the  cathode  are  called 
cations.  The  definition  coincidea  witli  distinct  chemical 
functions,  and  radicalo  may  be  conveniently  classed  as 


AitlONS. 

EUetro-nr^ativra, 
Add  radicalt. 

Oxygen. 

OhlorinoL 

60*. 


Cjltioss. 
Eiettro'potil  xvei. 
Batj/lotu  radieaU, 

Hydrogen. 

Ammotiiam. 

Metals. 


6i£.  But  such  a  classification  is  only  a  convenient  approxi- 
mation, like  that  of  conductors  and  n  on 'Conductors,  §  IJ.  The 
same  ion  may  belong  at  different  times  to  either  class,  aooording 
to  the  chemical  function  it  fulfils  in  the  dubatanoe  and  the 
oonsequent  polarity  assumed  in  the  circuit.  That  t«  to  say, 
they  have  no  epecijic  altractioii  to  either  electrode,  and  this 
fact  in  nature  effectually  disposes  of  the  favourite  hyputhcsis 
that  atoinB  jjofiseflfl  Bpocilic  ehargca  of  +  or  —  electricity,  which 
are  the  cause  of  DuiiUy  of  their  properties. 

£47.  Ions  or  radims  may  he  single  atoms  or  componnda 
acting  as  radicals,  and  these  roay  evea  be  mQftY<^dU6  <iV  w&'^'nAA 
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«xuteDoe,  as  far  as  present  knowledge  goes.  HCI  is  an  electro- 
lyte composed  of  two  atoms ;  in  H,SOf  two  atoms  of  hydrogen 
act  as  two  monad  ions,  and  the  compound  radical  SO^  is  tfao 
GquivaleDt  dyad  ion,  which  cannot  oxi§t  uncombined,  so  that 
etilphurio  acid  is  an  electrolyte  only  when  in  presence  of  some- 
thing it  cnn  combine  with,  euch  ae  wat«r,  although  water  itself 
is  not  an  electrolyte.  Ammonium  NH,  is  also  a  compound  ion, 
strongly  reeemliling  potaJB*ium  in  its  properties;  it  also  cannot 
exist  free,  tut  breaks  up  into  NHj,  ammonia,  and  H,  giving  an 
apparent  exception  to  the  )aw  of  equivalence  by  pruducing  two 
free  substances,  each  equivalent  to  the  current  pmdudng  tbem, 
§€q6;  but  ammonia  is  not  really  a  radical,  fur  NH3  is  nooraplote 
molcouleof  the  order  deeoribedS  13  (1),  and  is  not  capabU  of 
repkcing  H  in  salts. 

64S.  We  must  now  enter  upon  a  more  extended  study  of 
chemical  principle  and  the  structure  of  matter,  and  what  is  said 
here  must  bo  regarded  as  a  cuiitinitntion  of  the  statements  made 
SI  4-16.  But  before  going  into  this,  it  will  be  a  great  advan- 
tage to  clear  away  certain  theories  or  hypotheses  whicii  are 
strongly  advocated  by  many  eminent  men  of  science.  This 
flubjeot  is  really  one  of  pure  chemielry,  which  is  almost  indepen- 
dent  of  the  mathematical  bondage  to  which  pure  phgtici  are 
completely  subject.  But  it  has  been  taken  np  by  physicista, 
and  treated  matnematically.  The  distinction  is  that  the  chemist 
is  limilcd  ta /acU,  his  symbrils  mean  only  real  things,  so  thiit  ho 
cnn  deal  with  thorn  as  thinge  in  safety.  But  the  syiubots  of  the 
mathematician  need  have  no  reliiti<.>n  to  truth ;  abstructions  are 
vv<tn  better  than  facts,  §  }Jo:  ^  hypothesis  or  guess  has  the 
same  importsnceae  an  observation  :  the  only  value  of  cither  is 
to  serve  as  a  wheel  in  the  mechuuism  ;  the  question  of  moment 
is,  Huw  will  it  work  7  If  it  works,  it  becomes  what  the  casuists 
called  a  "probable  doctrine,"  and  in  a  little  while  probably  an 
"orthodox"  theory. 

649.  The  result  is  that  a  certain  set  of  "notiona"  eutrammel 
not  only  our  thinkers,  but  even  our  experimentalists.  They 
start  with  ideas  about  atomic  charges  of  +  and  —  eleolrioity, 
and  then  get  to  believing  in  atoms  wandering  about  oarryioff 
thcBe  charges :  they  will  work  out  elaborate  oaloulatious,  prove 
anything  they  want  to,  show  that  the  results  agree  with  certain 
faots,  and  therefore  aro  proved.  Yet  all  this  while  they  never 
touch  the  fundamentivl  absurdity  uf  the  uution — ^tlisit  if  such 
charges  existed,  and  if  -j-  and  —  electricity  atlruct  each  other, 
those  atoms  could  not  possibly  remain  free  for  an  instant. 
So  strong  is  this  delusion  that  even  so  sound  a  thinker  and  so 
honest  ait  «xfMiniiieu talis t  an  Di.  0.  Lodge,  goes  ao  far  as  to  say 


p 
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"  in  oertttin  cases  an  electric  current  ia  bnoan  Qtix  own  italiw) 
to  consist  of  equal  opposite  streams  of  +  ana  —  olootrioity. ' 
Now  neither  ho  nor  anyone  elaa  has  or  can  pvo,  any  evidonco 
whatuvcr  of  this,  except  as  a  deductioa  from  a*»umptwn»  tho 
absurdity  of  which  has  just  been  shown. 

650.  la  like  manner,  be  and  many  others  frequently  iloduco 
reaulte  from  Ulerk-Haxwell's  sugj^estions.  as  a  result  of  his 
theorien,  that  dielectrics  must  be  transparent,  and  conduotors 
opaque.  This  is  itself  so  contrary  to  known  fact  that  it  has 
been  found  necosBary  to  extend  the  meaning  of  "  transpHrency  " 
to  inalude  the  tronemitting  of  any  undulatory  vibrationn  (at  lOl 
eveuta,  any  having  tho  velocity  of  li^ht).  Now  here,  in  eleo- 
trolysis,  we  havo  a  great  diffloulty  for  the  theorists,  oa  electro- 
lytL-a  are  nearly  all  trausparent  to  light,  and  so  ought  not  to  bo 
oondticton,  while  n  on -electrolytes  are  very  often  extremely 
DO n- transparent  or  opaque,  and  ought  to  conduct,  if  only  Nature 
carried  on  faor  business  on  proper  Mazwellian  prindples. 

651.  But  Mr.  Shelibrd  Bidwell,  who  has  done  so  much  good 
wori  in  examining  the  inflnenoo  of  »lructare»  of  matter,  and  the 
relations  of  energy  to  matter,  put  this  to  the  t*8t.  He  tried 
whether  "thoio  oleotrolytcs  whioh  transmit  radiation  most 
freely,  are  also  the  worst  conductors  ?  "  Ilo  says  it  is  "  uudoubt- 
ed]y  not  the  fact."     I  select  a  few  examples  of  his  results. 

S'lluU'ini,  Ik.  OiftEhennMCj. 


Empty  glass  cell       looo 

Distilled  water 197 

Zinc  sulphate,  sp.  gr.  t*ij7     307 

Sulphurioaoid,  sp.  gr.  t-0)3 3oB 

„            }o  per  cent.  I '  21; 3i6 

7'    ..      "     i'6j9 »9^ 


A  glance  at  the  Table  of  Kesi»tanoes,  $  552,  will  show  that 
transmitters  of  undiitatioD8ne«rly  equal — say  distilled  wat«r  197 
And  sulp.  acid  116 — have  conduction  for  irleclrioity  differing 
many  million  fold.  None  the  lees  the  Professors  will  go  on 
using  that  theory  as  a  fact. 

652.  The  DiswcuTiON  Tbeoby. — This  is  ^wing  in  favour 
with  the  mathematical  physicists:  it  originated  in  some 
suggestiouB  by  Williamson  as  to  the  nature  of  solution,  and 
influence  of  the  solvent  on  the  substance ;  it  was  applied  to 
electrolysis  by  Clauaius,  adopted  by  Clerk- Max  well,  worked  at 
by  Koliausch,  Arrhenius,  Oatwald,  aud  others ;  and  Dr.  Lodge 
itppears  lu  have  a  tendency  to  it,  due  to  his  metaphysical 
inclinaUuns,  aod  the  iafluonoee  noted  i  649,  but  not  yet  strong 
oooofh  to  OT«rooiue  the  r«sistanoe  of  hi«  commun  wnaei. 
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6;}.  It  h  asserted  on  Hua  theory,  wfaieh  w«  may  call  "the 
dauoe  of  tli«  atoms,"  that  substances  have  not  the  defined  con 
■tniction  explaiued  §  il;  that  ililnte  eulphiine  aold  does  n' 
consist  of  molecatea  of  aoJd  and  water  (H^SO,)  aud  (H^O),  ba' 
that  these  aro  merely  teoitiorai-y  formations,  and  their  oon^ 
stituont  atoms  are  perpetTially  interchanging  among themsolvea 
like  the  ladies  and  gentlemen  in  the  figure  known  ss  the  "  grand 
ohain."  or  better  atill,  like  the  gnats  one  may  see  on  a  summer 
evening  flashing  here  and  there  and  oirvling  for  a  moment 
around  taeh  otlier.  This  strange  idea  was  invented  in  order  to 
explain  why  iont  pass  to  the  two  electrodes  :  these  are  imagined 
to  exert  a  force  of  attraction,  each  for  its  oppositely  electrified 
ion.  which  during  its  free  moments  in  this  "  dance  "  Is  gradually 
drawn  over.  §  646.  A  modification  of  the  theory  aupposes  that 
this  condition  of  things  is  only  set  fip  by  the  forces  exerted  by 
the  electrodes;. 

654.  There  is  not  a  partieU  of  evidence  lo  tupport  Ihit  theory,  but 
there  is  an  unlimited  supply  of  mathematical  calculations  based 
upon  such  data  aa  the  (imaginary)  sise  of  raoleonlee,  the 
(imaginary)  ■+■  and  —  charges  of  electricity  upon  the  atoms, 
and  the  forces  these  might  exert  aooording  to  the  laws  of  statio 
electricity. 

The  tpeeific  wtocity  of  ioiu  has  been  worked  out  upon  these 
data  and  shown  to  agree  with  certain  facts  of  eleotrolysis, 
oqually  oxplainnblo  by  several  other  theories,  and  this  sort  of 
proof  is  (5  648)  thoroughly  satisfactory  to  the  mathematical 
mind. 

Bat  the  chemical  mind,  tminod  perhaps  rather  too  much  id 
the  opi>0Bite  direction  of  ooncrote  bodies,  treats  the  combination  of 
the  atoms  in  a  molecule  axa  rigid, definite  union;  to  the  chemist 
this  molecular  unity  is  a  true  marriage,  rather  than  the  pro- 
misouons  intercourse  of  this  other  theory  (or  at  all  events  as  « 
piirlnersbiji  for  the  -let,  to  return  to  the  "  dance  "  analogy)  :  ha 
IB  shocked  at  the  idea  of  any  dissolution  of  the  bonds  of  chemical 
affinity,  except  in  the  form  of  a  higher  affinity,  a  stronger  hroe 
which,  like  death,  breaks  the  original  union  only  because  it 
removes  tlie  two  i)artieit  to  it  to  new  aud  distinct  spheres.  As 
a  consequence,  tlie  diNHOoiation  theory  oounts  few,  if  any,  chemista 
among  its  disci  pi  os. 

£5j,  A  remarkable  instance  of  the  manner  in  which  theorista 
will  twist  faots  into  eridenoo,  is  given  by  a  recent  optical 
observation.  Liquids  vary  greatly  in  their  power  of  rotation  of 
tho  pUna  of  polarisation.  Id  moat  organic  liquids  it  is  pro-? 
iwrtional  to  the  sum  of  that  of  their  constituents,  but  this  is  n 
KJ  with  inorgnnic  substaULCS.     Tlie  calculated  valne  for  HCl 
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I'lS  and  in  some  orgtmio  solventa  it  was  tonnd  near  that:  but 
in  wftt«r  it  bocAmo  4-0;  to  4-43,  and  it  is  said  that  theae  excep- 
tional vttlneii  are  01117  POMOBBcd  by  electrolytoe. 

It  iM  olaimed  that  this  proves  dissociation :  but  it  obviously 
gives  iippoHinc  ovittonce:  for  if  the  II  and  CI  pxisted  as  such, 
tiey  could  only  produce  their  nonnal  effects,  wliile  if  they  6xi§t 
as  HCl  this  change  of  Btructnro  may  well  result  in  altered 
aotionH.  Tlie  observBtion,  if  oonfirmed.  may  give  ns  insight 
into  the  nature  of  electrolytes,  but  it  will  not  support  the  dis- 
Bociation  notion. 

656.  If  free  ion$  taist  and  carry  -f-  and  —  eJtargeM  which  aro 
tlio  canse  of  thoir  actions,  what  ke«ti8  them  apart?  (S  646). 
But  these  ion»  are  aiomt,  and  all  chemical  evidence,  evety 
obeiuioal  theory,  shows  thut  atom*  never  rxitt  isolated  ;  they  iinito 
into  molecules. 

When  gaseous  atoms  or  moleciileB  exiat  free  in  a  liquid,  wo 
Imow  aa  a  £»ct  that  they  eecape  from  the  liquid,  are  given  off: 
frcm  a  solution  of  HCl  in  wat«;r,  they  come  off,  but  not  as  H  aud 
CI :  these  atoma  can  be  dissociated,  but  only  on  condition  of  % 
supply  of  energy,  S  585,  The  theorista  say  that  they  do  not 
loave  tho  liquid,  because  they  cannot  form  molecules  of  the  fiasea, 
■a  all  the  atoms  of  H  are  charged  +  and  all  of  CI  —  .  But  how 
i«  it  that  the  ordinary  gaseous  molecules,  H  H,  or  CI  CI  exist  at 
other  times;  the  theory  ita«lf  requires  that  these  atooos  are 
■pcdfically  charged  H  +  H  +,  CI  -  CI  — ;  these  charges  an  part 
uf  their  nature,  they  are  the  reaaona,  according  to  th«  tbeory 

itself,  why    they  can   form  (H  H CI)  HCl,  and  really   we 

cannot  imagine  that  these  cbarcea  aud  forces  only  eii*t  just 
when  they  are  convenient  for  a  theory. 

As  a  fact,  dissociation  does  occur,  under  reoognizod  con- 
ditions :  if  n  salt  containing  a  volatile  component,  say  aramimia 
sulphate,  is  heated  in  solnUou,  the  volatile  oomponont  will 
esuupe — not  as  iona,  but  as  molecules;  ammonia  will  be  thuH 
given  off  and  the  aolution  become  acid:  but  here  the  required 
enei^  is  supplied  as  in  S  joa. 

6J7.  The  tlt&yryiB  tooted  to  the  Jmown  faeU of  (hermo-deinh&ji, 
fully  studied  in  Chapter  VIII.  on  Electromotive  Force.  If  a 
body  has  been  formed,  say  UCI,  it  lost  energy  in  the  fonnatioD, 
and  cannot  be  broken  up  into  its  atoms  unless  that  energy  igl 
supplied.  The  interchange  of  the  atoms  themselves  cannot 
account  for  this  energy  tohere  no  external  force  ojmralet ;  it  may 
do  so  when  a  new  force  acts  upon  the  atoms,  $  698.  If 
(H  -i-  —  CI)  (H  +  —  CI)  once  exist  as  moleoulea  duo  to  the 
lorce  of  +  —  at  atomic  distances,  what  is  to  separate  them  ? 

6j8.   Velodtif  of  iom. — The  theorists  fei:td«a,NQ\xT  \a  «s»iv!«v£!» 
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some  of  the  ilifGciiltie*  by  MRuming  tliat  ion*  have  each  a  tpteific 
velocity  of  motion,  ttimilur  to  that  ret^ogiiUed  in  the  proceea  of 
di^jaion  in  liqiiiile  au<l  gaaee.  Kulrausch  ha«  calculated 
out  th CMP  vain w.    Ho  gives,  in  centimetreH  per  aeooud,  for  certain 

oonditions: — 


Olitlon     M           K. 

■00300  -00057 

NH. 

■00055 

Nrt          Zi          Ag        i  Ba      1  Mr     i  Xyn 
-00035   '00025  -D004t>  -OOUHS  -0002D  -00(|2A 

Anion              OH 
■00272 

CI 

■00059 

I           NO.          CIO,    CH,0, 
■00060     -00053     -00046     -00029 

Dr.  Lodge  carried  out  Komo  ttdmirublff  experiments,  which  hu 
read  to  the  B.A.in  t984,ttiid  by  theaid  of  "siiiUibloliypotheaeB" 
Buooeeded  in  making  them  agreu  £airly  with  the  nguces  of 
Kulruiiiich. 

659.  Migration  of  ions, — This  leally  meuns  the  arrival  of  the 
separated  eubstAiicco  nt  the  olectrudeg,  ancl  what  Ur.  Lodge 
leally  experimented  upon  was  the  rulative  rates  at  which  the 
preemice  of  the  two  radicals  wus  muuifeeted  in  long  tubes  cou- 
ueotiug  the  two  electrode  veseels.  This  is  a  real  fact,  but  the 
name  is  itself  a  delusio:)  and  a  Buar&,  the  ton*  do  nut  vtigrate  ol 
all.  S  692. 

The  faot  in  a  complex  one  :  ordinary  endoaiuo§e,  §  204,  tends 
to  mix  the  liquids  1  electric  endosmose  carries  liquid  tirilh  tha 
eumnt ;  the  molecular  volume  of  the  now  products  differs  from 
the  original  volume;  the  relative  eolubititiea  and  associated 
water,  f  j;3  ore  altered;  hut,  after  all,  the  movemeut  oxpori- 
meuted  on,  tliu  rueuU  of  all  tliese,  is  the  transfer,  not  o/iotu,bul 
of  moleailci :  and  thctre  contain  the  two  opposing  and  combined 
ions. 

660.  Dot*  the  iolvenl  take  pari  in  eonduelion,  or  Ib  the  salt  the 
sole  agent  ?  This  is  one  of  the  questions  which  Dr.  Lodge  put 
to  hin  osporimentB,  and  the  assumption  Utal  mater  carriet  part  of 
the  current  was  an  important  means  of  mukiug  theorieo  and  lacts 
agree;  therefore  it  is  only  just  10  him  and  important  to  students 
of  hia  experimenis,  to  say  that  at  a  later  date  he  admitted  that 
this  UBumption  is  scarcely  juatitiable. 

Sdfnlifie  hontfli/  prohHfit»  tJu  id4a.  It  is  well  known  that  pure 
water  is  almost  a  perfect  insulator,!  706.  Thereloro  we  nave 
no  right  to  suppose  that  water,  a»  such,  conducts,  merely  because 
■  nu  eondnotor  is  dissolved  in  it. 

£61.  Thattrvngth  of  a  totntion  modifies  its  conduotnnoe.  We 
may  consider  that  ( t)  this  is  tantamount  to  the  sectional  area  of 
wires ;  a  question  of  actual  quantity  of  available  conductor:  or 
(])  that  the  «Blt  is  altered  in  nature  by  tbo  prosouco  of  iliffereat 
nttioif  of  water. 


«J.] 
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The  buSe  of  liquid  doaa  not  ruprcnunt  Urn  oonttuotor  aa  iii  wirw ; 
nor  (loea  tlie  old  "chaio"  of  nrottliui«,  geuentUy  adoptwl  and 
used  in  this  work  aa  ttio  "polkr  ctiuin,'  §  465,  fully  aooount 
for  the  mib«idiaT7  phgtical  vttecUt ;  but  U  perfectly  Hatistiea  tho 
flleotrioal  and  obemical  problmiui,  and  for  that  teaaoti,  and  its 
olearueaa,  will  be  used  to  «X]>l*in  the  procesa  of  electrolyeis. 
But  au  eiilarged  ouuceptiou  may  be  formed  wLicb  do«s  satisfy 
all  needs. 

661.  7^D«fIi'«i(t7i(iy<n)(<Ttlie  electrolyte.  It  is  shown  S  55}  that 
there  &k  good  rousfina  to  believe  that  solution  ia  not  a  inero 
meohaiiical  mlxturu,  but  of  llie  nature  of  chemical  union,  i.  e.  of 
the  formation  of  mulucolcs  mora  ouuinlex  than  ia  shown  by  tho 
chemical  symbols  employed.  Now,  it  we  adopt  this  view,  and 
conceive  that  otie  or  more  niolecnlca  of  water  enter  the  moleoole 
of  Che  salt,  we  get  nn  exolauation  which  covers  all  the  facta, 
electrical,  chemicitl  and  plijsical,  without  having  to  invent  any 
a  priori  hypothesis.  We  know  that  thia  does  occur  in  crystals  : 
vni  call  sulphate  uf  oopjrer  (JuSO^.  but  we  know  that  the  crystal 
really  is  (Uiif:iU,,H,0,  4  uqua) ;  that  ib,  it  contains  4  atoms  of 
watar  of  ury»ullization,  easily  driven  off  at  a  low  tempomtnrc, 
and  I  atom  of  ooDstitiitionul  water,  rcmuvablo  only  by  a  con- 
siderable beat.  SulphTiric  acid  also  forms  delinibo  hydrates,  thus 
HV30„B,,0  .olidiiiM  at  8' Cent. 

66y  \\q  may  justly  conceive  that  these  hydrates  exist  in 
eolation,  and  that  the  true  electrolyte,  for  instance  with  sulphate 
of  oo])per,  is  not  CuSt),.  but  CaSO«H,0.  As  wo  know  that 
excess  of  water  doijs  travel  with  the  copper,  we  mav  now  con- 
ceive that  the  ions  are  not  merely  Vn  —  iSO,,  but  C»n,0  —  HOu 
the  wat«r  carried  with  the  copper  in  a  slate  of  looso  union, 
which  bi«aks  up  at  the  electrode. 

We  may  now  replace  tbo  usual  polar  obains  f  46;  thus, 
showing  the  action  in  the  liquids  of  a  Danietl  cell,  as  a  typical 
case  of  electrolysis. 


2n  Zn    SO,  Hj  SOj  H,  SO,  Cu  SO,  Cu  Cti  Cu 


IH,         (H,         IH,  :- 

jo to to g. 


a. 

6 


It  Diay  be  thought,  at  first  sight,  that  this  is  the  same  thing 
as  nuying  Uie  water  carricB  half  the  current  i  but  it  is  not  so, 
beoause  the  new  moleculu  transmits  only  one  unit  uf  current, 
du£ucd  solely  by  the  metal  sot  free.     The  wa.(At  \&  m  <il  tK;v)aA 
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oarriod  over  meobamoall}'  aiid  chemicaily,  but  not  electrically : 
eleotrioally  two  ioua  only  are  affected.  This  idea  oovere  the 
facts  of  fleeMc  mdotmoae. 

664.  What  is  is  Euktbolttk?  In  tie  flrst  place  it  is  & 
liquid,  either  by  eolntiou  or  fusion ;  some  sulphides  are  said 
to  nudorgo  elootrolvMs  while  solid,  but  this  is  donbtfnl.  It  Lb 
a  li^tud  tehieh  eonductt  fltetrieily :  as  Dr.  Lodge  eaya  of  liquidd, 
"  if  it  dooj-  not  conduct  at  all,  it  is  a  dielectric  pure  and  simple," 
and  dielectrics  aro  siibstauces  which  do  not  conduct  oanvnt,  bat 
do  endure  ttrett  or  electric  chargo.  It  is  not  nhsolntoly  tme 
that  any  solid  dielectric  haa  no  conductance  except  when  it 
breaks  down.  It  is  nccepted  as  a  natural  fact  that  lianids 
cannot  oondnot  at  all  uiilees  by  electrulyeis ;  it  is  doubtful 
whi'thcr  thiH  is  an  absolute  truth,  but  it  is  true  praclicattj)  ;  all 
apparent  exceptions  nlicn  fully  examined  become  eleotrolytio, 
and  therefore  we  may  acoent  this  as  a  truth.  But  further, 
electrolyte  uro  liquid*  tehieh  eondaet  rleclriciti/,  but  rmly  when  a 
fpeeijie  EMF  it  applied.  But  the  diHtiuguishing  feature  of 
eleotrulytes  is  tbkt  my  hrtaik  up  t»(«  lira  ctnuh'tuarff,  one  of  wAvcA 
appear*  at  earh  electrode. 

A  true  electrolyte  amtitt*  of  a  pair  of  radicaU  (iouit)  uhith  are 
teparaUd  bg  an  decirie  current  trkoae  voltage,  at  the  ttoctrvden.  it 
e^iraienl  to  the  ehemieal  ajfinilii  vf  the  eulttttiaef.  §  706. 

66).  All eledruli/let  are aleo dielectric* lie  T(^i^i\j'iie  voltages  below 
this  specific  value.  Tlie  decijmposition  coll  ix  also  a  condenser. 
They  do  not  obey  Ohm's  law  if  this  is  k'fl  out  of  oon»idoration 
and  only  the  reniatanoe  of  the  cell  is  uklsj  in  tlie  formula.  Fig. 
)8,p.  2  JO  explains  this  fully:  the  action  at  the  electrode  consists 
in  rpstoriuK  tho  specific  eoei^  to  tho  freed  Kubstanoco,  and  thia 
means  that  a  duflnitc  voltago  is  rvtransfcnncd  into  voltance, 
S  599. 

Dr.  Lodge  makes  this  distinction,  "  whereas  in  au  electrolyte 
tho  «tn?sa  is  Ibrowu  upon  a  pair  of  thin  films.  Uie  bulk  of  the 
medium  being  as  quiescent  and  unstrained  tM  a  metal,  in  a  di- 
electric the  stress  extends  throughout  the  milium,  (doping 
steadily  from  anorle  to  cathode."  It  may  be  doubted  whether 
this  is  the  case  ;  whether  strcNses  exactly  analotfous  do  not  exiat 
in  both  cases  1  small  in  the  electrolyte  tliey  may  be  unobservable, 
while  they  are  grtettn  the  dielnutric  just  in  ratio  of  the  voltages 
employed. 

The  "thin  films"  are  the  molecules  in  contact  with  the 
oleotrodea,  and  to  compare  the  conditionii  we  must  eliminate 
these  by  allowing  for  the  nbitorbod  Toltage,  wliioh  has  uo 
parallel  in  the  diilcctric.  We  can  render  tlie  conditions  nearly 
tJmilar,  except  that  we  can  do  so  only  with  very  low  voltage*, 
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by  eliminating  thin  notion  at  the  electrodes ;  we  do  this  when 
we  electrolyso  oopper  Mulphatu  lietwueu  copper  electrodes. 

666.  Eleetrotytet  obey  Olim'*  laie  in  the  circuit  between  the 
electrode* :  the  winn;  fonmitw  relalti  lo  E.  R.  and  0.  Subject  to 
reiDftrks  S  661,  tin;  siuuk  Uwb  of  dimensions  apply  as  in  wiree. 

The;  drvrlnp  heat  on  the  tame  laic»  at  metaU,  though  the  effect 
of  hetit  on  tbeir  conductance  is  opposite. 

Thoy  axrt  marjnetic  aclioiit  within  thenisidves  and  around  the 
circuit,  exactly  nn  wirt-s  do ;  an  indiaruhber  or  gla^s  tube  filled 
with  an  idtwtroljte  acts  precisely  as  a  wire  does. 

Indiicf-d  eurrents  can  be  produced  in  such  a  condnctor. 

667.  Electrolytic  eoadiiction  is,  in  fact,  utterly  iudistiiiK*'iH^l>l*'  | 
from  niotAllic  conduction,  except  for  the  action  at  the  electrodes, 
which  ia  nut  part  of  true  conduction  at  all ;  therefore,  as  we  are 
eompelled  to  reoof;nise  molooiilsr  motions  and  molecular  rotaHimt 
In  eleotrolytes,  they  support  the  idea  that  thceo  are  in  all  CAsea 
the  meohaniam  of  electric  current.  It  may  be,  however,  that 
tliere  is  this  distinction,  duo  possibly  to  the  eascntial  differences 
of  HolidB  aud  linuidH,  that  while  in  electrolytes  the  real  obemical 
molei^ules  arci  tho  agents,  in  luulnls  those  iniiy  be  grouped  into 
larcer  aggregates  which  can  uot  more  mecluinioallv  than  ohomi- 
cally.     But  this  a  mere  suggustivo  hj-potheeis,  and  wo  may  now 

'  leturn  to  chemical  prinoiplus  and  facts  as  to  the  Btniotnro  and 
'  fanotions  of  matter. 

659.  We  must  now  conocivc  of  suliatancce  as  conniitting  of 

Biolooalca  built  up  of  two  parts,  which  are  oallcxl  radieaU  in 

l^dttmistry  and  inn*  in  Faraday's  uleetrtcal  nomencluture,  §  £45. 

Sloctn:>lytrv<  arc  in  fact,  nnbntuicea  belonging  to  the  molecular 

type,  S  IJ,  Fig.  4,  aud  aiv  simple  binary  structures. 

The  two  radicals  are  held  together  in  a  twofold  manner — 

(1)  By  the  valency  of  the  radicals  themselves,  S  6.  Thia 
constitutes  the  several  classes  of  monotiasio,  bibsao  acids,  Ac 

(3)  By  the  speciflo  enorg}'  of  the  individual  substanoe. 

Ench  of  these  has  a  di«tinct  electrical  relation.  The  firat 
governs  "  quanti^,"  and  constitutes  what  has  bwn  called  the 
"equivalent  of  electricity."  Tbo  second  governs  the  EUF 
generated  or  ueoesnuiy  to  enable  tbo  current  to  pass  when 
deoom position  has  to  bo  effected,  and  has  boon  fnlly  stndied  in 
Chapter  VUL 

Let  us,  then,  typify  the  muleoulcs  aa  oouEiKtiug  of  two  parts 
held  together  by  spiral  spriuga:  the  number  of  ttio  springs 
gorresponding  to  the  valency  of  the  radicals,  und  tlie  tirfnglh 
of  tlie  springis  corresponding  to  the  specific;  energy  of  the  par- 
tlonlar  oompound.  We  shall  thus  get  Fig.  67,  where  type  t 
r^MMbts  the  union  of  monad  atoma,  Budh  a«  bA'^m  K%.  K^-s 
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hj'ilrochlorio  atiil  HCJ,  ooniinou  salt  NaCl.  Typo  2  rcpr^eenU 
metallic  copper,  zinc,  &o.,  and  aulpbntcB  of  Uiobs  metals,  (.'nSO,, 
ZnSO,.  By  regarding  the  ■}-  rndical  us  composed  of  two  distinct 
monads  S  647,  as  iu  4a,  it  repreaeuts  the  etilphate  of  sodium 
Na,SO,,  sulphuric  aoid  H^SO,,  and  c(jrres|ioiiding  Bubsfances  ; 
or  by  regarding  the  —  radical  as  similarly  divided,  it  iuclnde*  j 
the  clilondes  and  uitrates  of  dyad  metals,  as  zino  chlorida] 

Fie.  97. 
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ZnOIj.  The  aimngs,  or  valencies,  are  the  bonds  of  S  7 16 ;  iii«y 
may  picture  the  path  of  one  unit  of  current,  the  equivalent 
polar  cbain  and  otlier  conceptions,  aud  they  bring  ns  back  to 
Uie  equivalent  notation  of  chemistry  5  16  (i),  which  accords 
thoroughly  witii  (he  facts  "f  electricity,  while  the  modern 
atomic  cystom,  whatever  its  clieuiical  merits,  completely  uWiircs 
them,  as  shown  S  639,  unless  we  clearly  trace  out  the  relalioui 
of  ■■  valency." 

669,  The  atomic  notation  of  chemistry  is  based,  not  only  on 
the  facts  of  chemical  OJ>nibi nation,  but  nlao  on  the  relation  of 
different  Bulistnoccs  to  the  forms  of  crystallization,  and  to  the 
properties  of  iBomorio  and  isomorphous  bodies ;  uud  this  view  of 
the  constitution  of  matter  aluo  covers  the  facts  of  eleotrolvBis, 
It  bestows  upon  the  atoma  different  combining  powers,  as  tJime 
can  combine  with,  or  replace,  one  or  more  atoms  of  hydrogen. 
This  property  is  called  the  valency  of  the  atom.  But  the  atAma 
are  not  only  capable  of  entering  into  union  singly  as  ions,  hut 
two  (or  more)  of  the  atoms  of  the  same  element  can  first  unito 
(in  which  ouse  they  UMually  cc>ndonse  a  portion  of  their  (!0m- 
hining  jxiwers)  and  constitute  a  fresh  ion  or  radical,  havinj;  its 
own  proper  valency.  The  theoretical  expluuation  of  thin,  known 
as  the  doctrine  of  "atomicity,"  is  given  iu  9  9,  but  it  in  uu- 
neceaanry  to  enter  into  the  subject  of  "  atomicity,"  or  to  eouaider 
whether  that  dootniie  is  tme  or  wholly  imaginary,  or  a  partial 
conception  which  may  hereafter  develop  into  a  more  nerfeot 
theory  by  aid  of  the  revelations  of  the  spectroscope.  Wnat  we 
have  to  do  with  Is  the  /act  that  the  several  weighta  called  under 
this  new  syatem  the  aUmiic  weights,  do  leproaent  in  combination 
ohemicMUy,  one,  two,  three,  or  mote  almnarf  VvAxo^fttv,  h^B^iu, 
it  is  a  faet  that  moleettleB  do  wial  w^t^^,™  uwi  ^pawsa*  «*>*, 
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cantain  f.lio  wlpments  in  these  mtitw  \iy  vglntno;  thw«  11 UI 
hydroohlorio  noitl,  H^O  water,  H^N  unmoiiia,  each  contain  th««e 
rulutive  volunnw  of  II  for  one  volume  of  tbe  other  km  :  when 
combined  th^iy,  every  "no  of  them,  occupy  two  votiimM,  the 
Ktine  votiimi.',  that  in,  ua  thu  molecitle  of  hydrogen  HFI,  and 
theati  Diotf^cnlar  volumes  hold,  all  alike,  thu  samo  relation  to 
energy,  for  the^  expand  eqiiiilly  for  equal  heats  and  proaauros, 
at  ftll  events  within  the  rangn  of  iiKiial  expi-i  iftioc." 

670.  Therefore  Valency  is  the  gasi^mit  votumr  combining  ratio  of 
hydrogen,  or  of  other  element*,  to  the  unit  volume  of  hydrogen, 
but  extended  hy  indirect  calcnlktione  to  thoei:  cluments  whose 
gaseous  volume  cannot  he  directly  men sn red.  The  afnm iV  weight 
is  the  weight  of  a  unit  volume  of  the  eluinc^ntg  in  the  gtiseons 
condition,  forapared  to  that  of  hydrogen  as  unity. 

671.  Tliit  doct  not  intplff  of  necessity  thitt  iketii  atoma  are  th« 
ullimale  eiemenls  of  the  flrurturt  of  iiiatler,  oven  if  they  actually 
exiHt,  and  are  not  merely  the  convi^nieut  cruation  of  chemists ; 
there  la  tw  conoeivahle  ohjection  bo  regarding  them  as  "  concre- 
tions "  compo&od  of  eu  inuuy  bquivaJQiits  of  tLeir  ooiiiponeut 
elemeut  as  they  poeeeaB  valencies,  for  it  ia  certain  these  equiva- 
lents exist  and  have  their  definite  fTinction.  Going  beyond  this, 
there  is  nothing  to  limit  us  in  imagining  that  even  these  ele- 
nwntary  equivalents  are  complex  bodies ;  but  these  imaginings 
carry  ns  into  the  field  of  metaphyeicB,  and  have  no  ploca  in  real 
Bcientifio  investigation. 

671.  As  modern  science  accepts  the  doctrine  that  keat  is  a 
■'  mode  of  motion,"  and  as  motion  implies  space  to  move  iu'it  is 
obvious  that  there  must  be  a  relation  between  heat  and  tJio 
space  occnpied  by  the  moving  particles;  heat  being  onlj  one 
form  of  energy,  we  readily  extend  this  relation  to  energy  in  all 
itfl  forms,  and  therefore,  we  can  see  that  there  is  in  nature  an 
exact  relation  among  the  weights  of  tho  atoms  of  matter,  the 
Kpau**s  they  move  in,  and  the  energy  th<<y  nbiiarb,  that  is  to  say 
between  the  atomic  weights,  molecular  volumes,  and  intrinsic 
energies  of  substances.  We  can  see  that  if,  by  thu  agency  of 
energy,  atitms  are  made  to  occupy  a  diflorent  space  from  that 
common  to  them,  they  must  have  new  properlies ;  that  ia  to 
•ay,  under  altered  conditions  of  energy,  the  ualimcy  {which  is  a 
fnioolionofvolume  and  energy)  will  lie  altered;  as  a  ooneeqnence 
wo  can  conceive  of  tho  exixtenoe  of  two  or  Mcvcral  compound 
substances  containing  the  same  elemcnls  and  in  eiaclly  tbe 

'  Then  ii  rcuoaloduubt  whether  the  ttxt/pui  Umaf  Pttit,Dalaii^M«v#A.\ 
■nJ  Arogidrti  ere  nbiiilutelT'  true  over  great  nof^  dt  \«K^«k>mc*     t^  iioItt'_ 
Jiutiffrt  ihr  belief  that  these  •'  Uomic  weights"  &u  T*(t«MaV  vxbk  \*A  W^'i* 
tit  itruciurr  of  mattn,  nuil  ia  ehemicsl  tattoo*. 
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■atne  pruportione.  but,  owiog  to  differenoea  of  intrinsic  enflr 
lutTing  very  different  ohemioal  properties,  and  belonfjiiig" 
entirely  different  molecular  types,      This  may  eKpl&in  "ia. 
merJAia  "  (equ&l  measurea  of  the  same  elements  in   differetit. 
oompouiida).  "  allotropy  "  (different  forms  of  the  same  8uhBlanoe)J 
as  due  to  different  apeoifio  energies,  and  also  probably  a  diSerent' 
number  of  atoms  entering  into  the  moleculea.  which  have  ood- 
Bcquently  different  physical  properties.     Carbon,  sulphur,  and 
phoephorus  are  well-known  aubstanccs  taking  different  forms, 
and  ozone  O3  is  a  modified  molecule  of  oxygen,  containing  three 
atoms  of  O  instead  of  two,  condensed  to  tbe  normal  twofold 
molecular  volume. 

67J.  Berielius'a  electro-chemical  theory  which  long  rule 
chemistry,  nSHumerl  that  eaoli  element  p'<sseBse<l,  ae  part  of  it 
constitution,  a  definite  qTiantity  of  jHisitive  or  negative  eleo  _ 
tricity,  whieli  act  up  the  chemical  attractions  between  them. 
that  they  united  into  acid  and  basic  radicala.  the  Bttraotions  of 
which  for  eaoli  other  were  due  to  theexcesa  of -j-or  —  electricity 
not  neutralijitd  in  the  primary  act  of  combination.  This  thiMiry 
implies  that  different  aubataucea  poaaeas  differettl  qua-altlita 
electricity,  which  are  the  causes  of  the  varying  degrees 
afAnity ;  it  differa  in  this  respect  from  the  similar  modot 
theory,  §§  649,  6^6,  and  this  clasaificatiou  of  electro-positive 
and  negatives  with  their  degrees  of  charge  reaerables  rather 
the  gradation  of  BX)eoi(io  energy,  §  58;.  Ilemholti,  however, 
adopts  tho  idea  that  each  atom  has  its  specific  attraction  for 
electricity. 

£74.  But  Faraday  distinctly  proved  that  there  is  a  relation 
baaed  upon  the  equivalent  cnnstitiitioD  of  matter.  Tlius,  if  a 
ooU  is  set  np,  basi-d  upon  zinc  diapluoing  ailver  from  its  nitrate, 
a  definite  tiuantitutive  result  will  be  effected  by  the  current;  if 
pBastHl  into  11  copper  solution,  it  will  reduce  a  definite  quantity 
of  copper,  in  the  ratio  of  the  old  equivalents  of  the  metala. 
But  copper  will  precipitate  silver,  though  with  less  foroe  than 
sine  dovs  ;  if,  then,  copper  is  used  with  a  diver  salt,  n  curroot 
will  be  set  up,  and  this  current  also  will,  for  the  to9  graina  of 
ailver  \a  the  natlery,  deposit  j  r  ■  75  of  copper  in  the  cell.  Agatn, 
inm  will  thrown  down  llie  copper,  and  zinc  the  iron ;  in  each 
cura  a  lower  affinity  at  work  in  the  luitery  produces  exactly 
equal  reduction  in  the  cell,  though  taking  a  longer  time  to 
effect  it.  But,  again,  if  we  place  in  a  Buriea,  cells  containing 
different  clAsaea  of  moleculea,  and  pass  a  current  through  all — - 
aucb  as  salts  of  ailver,  copper,  aud  iron — the  aame  current  paaaea 
through  tbem,  ftDd  depoiita  in  eaot  oeU  \\jb  m^Wv  'mi  "Co.*  cAwi 
of  its  oqaivAlent    Therefore  F&raAixy  e«4  V&iA  wtrj  ■>adw«»i». 
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no  matter  what  the  oliemic&l  affinity  witliin  it,  requires  or  givM 
np  tio  MTne  (juatilHy  uf  eUcbrieity,  aud  this  is  Law  Iv.,  8  68j. 

675.  How  shail  wf  ntMiiidle  thesie  two  confliotiug  views,  for 
both  <if  thfiii  an."  Ijam-d  im  truths  ?  Oareful  ooiiaiduiHtion  of  the 
facU  n'ill  bIiow  iih  that  Gf^rxellus  baaud  his  tdi'aa  upou  the  otin- 
dilions  set  up  by  "intriunio  enerny,"  while  Faraday's  law  is 
btuH?d  upon  the  "  valency  "  of  atoms  and  radioals,  and  cou- 
ecqiiently  upou  the  construction  of  molecules. 

When  we  see  that  electricity  is  connect«d  to  the  moleculiir 
constitution  of  iiiiitt^r,  that  it  oau  bo  traosmitted  or  measured 
only  by  motioji*  0/  ihe  mdecukt  transmitted  along  a  definite  chaiu 
by  the  action  of  onu  molecule  upon  another,  we  see  that  there 
miut  be  a  lelatiou  to  the  numter  of  moleonles  moved  or  broken 
up,  which  relation  we  may  call  a  quantilg  or  an  fjuioalent  of 
electricity,  and  so  take  possossiou  of  Faiuday's  lalmurs. 

When  we  team  that  energy  is  an  integral  part  of  the 
molecules  of  matter  ;  that  the  component  atoms  arc  moving  at 
definite  rates,  as  the  speotTi.'SCopo  shows,  and  (hat  chemical  00m- 
bination  tiSi-oU  a  roduction  of  ttuit  tnolion,  and  its  reloose  as 
Axteniul  hcjit,  or  as  motion  along  a  lino  of  polarized  moleouloa 
in  electricity,  wo  soo  why  each  mioh  notion  must  give  up  a 
dittiniti;  amount  of  energy,  and  why,  luxwrding  to  its  amount, 
the  molciciilar  motion  it  sots  up  (tho  "quantity  ")  shall  be  slow 
or  ru^id,  and  tho  stress  sot  up  groat  or  Hmall  in  the  mdo  of  the 
diumical  oifinities  at  work.  Uoro,  then,  wo  ttiko  posBeasion  of 
Burxoliua's  labours,  and  connect  the  two  conflicting  thcorioB  into 
Jk  more  general  conception,  which  is  tho  ono  worked  out  in  those 
pages,  the  molecular  theory  of  electricity. 

G16,  Wo  can  now  giro  to  Fsradny's  "  quantity,"  or"*  equivalent 
of  eleotricity,"  a  dunnite  value  accordant  with  the  chomical  uon- 
stitution  of  matter  and  uiodem  chemioal  views,  vix. ; — 

- —   - — ?-S_=  electric  equivalent. 

It  ia  that  action  which  releases  one  univalent  ra<lIoal,  elemen- 
tary or  compound ;  tliiit  is  ti>  Biiy,  it  [muwcss  along  uno  of  tho 
links  by  which  molecules  aro  umatitutiMl,  utt  rcprfwentud  in 
Fig.  6^,  S  668 ;  it  also  excrtH  a  df  finito  magnetic  oflVol  by  it« 
iuduutive  a^rtion  upon  tho  structure  of  Morruunding  HubKtauo(»i. 
Thia  unit  of  electridty,  mcosureil  on  u  giuiu  Hyiili.'m,  is  that 
used  in  this  work,  vix.  thu  equivutent  of  onu  grain  of  hydrogen. 
Each  moleoulc  of  the  modern  sj-stuin,  VUfttu^nTu,  URVa  W  "CvtA 
tdoetrio  cirvait  an  (hough  it  wtie  ao  many  "t«a\  \u<^t«'^^»y  *^ 
rapnaant  tie  '■  valenoy  "   of    the   two  twJi'Siia  ot  w^*  ''^-'^ 


\ 


niu 

I  trie 

I  jmtii 

f  wbjo. 


864  BLECTIlOLTSB.  [<S77« 

which  it  breaka  up.  How  or  why  this  ruUtion  eiUta  our 
present  knowledge  does  nut  euabl«  us  to  explain,  hut  that  thU 
m  the  true  relation  of  electridly  (o  matter  is  curtain,  for  this 
hiw  covers  all  the  known  facts,  all  the  exciptionti  to  the  <\>mmuiL 
aL'ceptad  laws  of  electitilysis  (S  68}  | ;  but  wo  can  see  that  it  ia 
prubiibly  otinueoted  with  the  unit  atomic  gaai-nus  relation  of 
nwttvr  ami  I'uprgj-,  oitt-nded  into  ail  other  iiliyhioal  ooiiditioDs. 

£77,  But  eleotiolyit-B  have  auotlier  relation  lo  electricity 
hesideB  that  of  current  equivaltiut.  An  elootrolyte,  setting 
free  its  two  radioala,  rei|uireB  ii  definite  fui-ce  exerted  niwn  it, 
▼ariable,  not  by  claaeis.  but  with  every  aubmanoe  aooording;  to 
thu  strength  of  the  chemical  atBnity  of  the  two  ions. 

If  we  set  up  a  hattcrj  and  a  certain  resiatauoe,  a  given  current 
will  pasH ;  extra  reaistanoe  will  diminish  the  ciirreul,  but  no 
amount  of  reaistiince  will  quite  atop  it :  hnt  an  electrolyte  will 
do  no,  and  a  current  which  can  traverse  one  electrolyte  will  bo 
wholly  slopped  by  another. 

If  we  use  an  K  M  F  wLich  will  just  pass  current  through 
iodide  of  iiotaesium,  and  then  siibstitate  for  this  dilute  sulphario 
aoid,  no  olootrolytic  current  will  pass  at  all ;  tho  deoonipositioo 
cell  ia  not  a  mere  resistance,  but  a  cotindr  elodromotive /ero». 

This  only  illustrates  the  fimdamcntai  law   of  Nature  thikt 

action  and  reaction  are  eijual.     If  we  pull  on  a  ropo  fixed  to  n 

post,  the  poet  reBista  ub,  and  the  Htrain  on  tho  rope  at  tlie  jKMtt 

exactly  Gijuals  that  at  the  other  end ;    spring  balanooN  at   tho 

two  points  would  show  the  same  pull  in  opp'wite  dinrottonw. 

So,  when  chomiual  uffiuity  is  exerted  in  cnmbinntion,  it  MotM  up 

an  £M  F  in  one  direction,  a  strew  on  the  polar  cbiiiu  ;  if  do* 

QOinpositiun  occurs,  tho  radicals  set  free  uliaorb  an  ciiuivuient 

energy,  and  act  as  an  E  M  K  in  the  oiipositv  polar  direotioti, 

that  is,   H«  a  —  EM  F.     Tlieruforo  it  is  that  to  t^tfcet  decoiu* 

position  against  any  chciiiicul  iithnity,  the  EMP  exerted  muHt 

Do  Bu  mo  what  greater  than   the   —  EMF  ttet  up,  or  no  action 

can  occur  at  all ;  upon  ibo  degree  of  excess  will  depend  the  rata 

of  action.     To  aBcurtiiiu,  therefore,  the  umount  of  electrolyaia 

which  utn  he  «ffected  by  any  hatiery,  and  tiuder  any  coudilioua 

E  -  e 
of  ruBistanop,  tlio  formula  is  — 5—  =  0. 

a 

67B.  Turning  now  to  tho  examination  of  tho  facts  of  olootro- 

lysis,  we  must  regard  tlio  whole  circuit  as  oomposed  of  cliuina  of 

niuleculee  ;  Bom«  nictalUo  08  in  tho  plates  and  wires,  some  litmij 

u6  in  Ihe  cells;    we  rccogoiKO  that  tho  ti&nfimission  of  eloo- 

tricity  ia  eflucted  by  a  motiou  in  tUesB  mo\w:iaW(  >iWv&a  vkwu- 

jmtiiaJ  by  u  bi-eakiuc  in  haUea  ol  a  mu\«cvi&  "wi  eacXi.  •»»,** 

trbjoit  ooe  hulf  or  ion  api>eftrs  at  ©ooli  v«\«  \  '«'*  Hifi\«:?iia  -w^ 
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ruklly  bruk«u  up  at  eaolt  electrode,  but  tho  remainiog  halves 
tmitiiie  tliTOu^u  the  ohuin  to  form  a  molecule :  the  moleooleti 
thfimsdvvw  and  Ute  iouit  being  all  equivaleot  in  value,  however 
m'loh  tliey  diflfrr  iu  |)ro|)crtiea. 

679.  Each  (Kill  IK,  tberofure,  a  aectioo  of  the  conductor,  and 
ha*  iu  own  ap'uilio  reniatauoe,  just  as  the  wiio  portion  haa.  But 
the  vUk  arc  of  two  crdura  iu  anolher  respect. 

(i)  GuucraUiig  euUw,  iu  which  ttuergy  is  set  free  by  chomioal 
octioni,  and  l>ucuiu»B  KM  F.  aaexphviued  ^^  594-^ai ;  theee  ar« 
hulturv  wlls  iiiiJ  iilauil  for  E  iu  fcirmuhe. 

(2)  DumimiHJiiiliiJU  oolla.  iu  which  euergy  is  absorbed  in  doing 
oheuiical  work.  These  may  be  simple  resiet-kuccs,  where  uo 
nltinuito  chauge  ia  made  iu  ihe  solution  ;  sunh  are  most  eleotro- 
in e tall urgi (Sill  proovSHes  where  the  same  metal  is  dissolved  from 
the  aiKHtc  uti  in  set  free  at  the  cnthudc.  Hut  if  auy  lotu  are 
utituiillj  act  free  by  the  current,  they  tend  to  rooombiue  and  act 
a»  H  Cull  of  the  first  order  with  ihoir  E  M  F  opposed  to  that  of 
tho  battery,  and  stand  as  —  «  in  tormulte.  The  feeblest  E  U  F 
will  freiid  a  current  through  the  first  uf  these  classes  of  decom- 
potiitiun  MdU.  but  tliu  iH.'ouud  class  require  au  EUF  grt^ater 
thoii  that  iKt  up  by  the  actiou  itaelf,  or  eleotrolyua  oanuot  ooonr, 

§fi77- 

680.  Except  for  this  dietinetion  of  generBting  and  deoompos- 
ing  otdlx,  uU  the  cells  are  under  the  same  oonditious.  Iti  ouch 
onfi  thorn  is  a  4-  plate  or  element,  ihe  zino  in  the  bivtUiry  oolU 
and  the  nnode  iu  the  docompoaitiou  celhi,  aud  if  thu  hitter  can 
tinil«  to  the  chlorous  radical  of  the  electrolyte  it  diflBolvon  juet 
as  tlie  xinc  does  iu  the  battery  cells,  Iu  each  cell  there  ia  tho 
eleotrolyt«,  which  gives  up  its  chlorous  or  —  ion  at  the  +  plate 
and  transmits  the  molecular  motion  which  constitutes  tliu 
current  To  the  —  plate,  where  it  also  gives  up  its  •+■  ion.  Thu 
—  plate  then  continues  as  the  +  pole  or  anode  to  the  next  cell, 
and  ultimately  to  the  —  pole  or  terminal  sine  of  the  battery  to 
oomplete  the  circuit.  Id  fact,  each  pair  of  conni-ctiug  pUtu  in 
Mparate  cells  acts  as  though  it  were  h  metallic  paitition  sepa- 
rating the  two  liquids  with  which  the  plates  are  in  contact.  In 
■ach  a  conducting  pun  ition,  one  side  would  be  -|-  and  the  otht^r 
side  —  ,and  the  two  plates  in  diSereot  colls  carres|)ond  tu  thura 
two  sides,  united  by  a  wire  instead  of  by  the  maKS  of  a  jilatij. 
It  ia  of  the  utmost  importance  to  boar  in  mind  this  diatiuution 
of  plttet  or  eUmentg.  rclatoil  to  the  liquid  within  their  own  cell ; 
and  pt^e*  or  electrodrt,  related  to  another  cell  and  to  the  polarity 
they  set  up,  or  trausmit,  aud  the  student  should  carofuUy  etuil'^ 
the  diagrain  of  these  actions  §  39}. 

68/.  Lmviogout  of  sight  IJiii  OLieVmctvou  oi  wJia  »*  *Oii.w«« 
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Hutting  lip  nnd  tliose  abBorLing  energy,  that  platu  in  cuoh  coll 
which  is  -|-  to  its  own  liquid,  or  the  positive  plale  of  the  cell,  is 
tho  nnude  or  +  electrode  of  the  cell  to  which  it  is  conuected,  and 
iJomptuteH  the  circuit  from  the  ~  plate  of  this  cell.  Hence  it  ia 
that  the  anode  in  the  docom position  cell  represents  tho  sino  in 
the  battery  cull,  for  like  the  zinc  it  is  -(*  to  the  liquid,  and  giTos 
ii[i  eiii-rgy  to  the  liquid  (though  that  energy  is  derived  from  tho 
euni.-iit  itnelf  in  this  cell),  and  liko  the  einu  it  di^solvus,  if  made 
of  luuterials  which  can  combine  with  the  negative  or  —  riidJcal 
of  the  solution.  For  this  reaeun  some  prefer  to  call  tha  aaodo 
the  sincade. 

681.  Fig.  68  exhibits  these  relations,  in  the    actions    of   B 
Daniellcell  and  an  ordinary  coppering  arrangement. 


Battety. 


Deavmpaailivii, 


I 


It  shows  the  pulariEation  set  up  in  the  complete  circuit  from 
the  zinc  in  the  liquid,  with  equivalent  actions  renuUIng  in  both 
oells,  tho  njiper  brackeU  shciwing  tho  orii^iual  amtngemetit  of 
liijuids,  the  lower  ones  the  elFcct  of  the  action.     At  tliu  -^  plntcs 
to  the  left  in  each  cell,  sine  iu  the  Wttery,  the  uiode  in  tho 
decoiii  posit  ion  cell,  an  atom  of  uic-t4tl  in  removed  ftom  the  plate  ; 
tlio  intervening  ninli'ciileH  truuHmit  the  action,  and  absorb  tho. 
ion  originally  unit<ril  to  the  limt  acid  radical ;  and  in  eacli  cell, ! 
at  the  end  of  tliu  chuin  in  contact  with  the  uegutive  plate  or  | 
axtbodo,  tiwn  ih  set  free  a  V'*^^"''  tttA\iM.\  ■.  va  \\v\«  ««*»  cn^'qxBcJ 
j'n   both   cc'Jis,     This    dianram  «   Arnvwp,«A  \«  to.Tn\^e«it«t» 
iliastmtivua  of  ths  laws  of  eVeotroV5av».»»4  lihw'A  ^^  »'v>^"' 
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in  connection  witb  Fig.  67,  §  £69,  which  mora  fully  'expltting 
th«  idons  to  bo  oKSociatod  with  the  ellipBOs  in  Fig.  66  ;  theso 
roprBBont  tho  raoIocul«s  and  their  constituent  rodicalB  or  ions, 
exproased  also  in  the  chemionl  foriDiilw,  while  the  eymbots + 
anil  —  ahow  tbo  classoB  of  ratlical*,  4*  being  tho  cations,  and  — 
tho  anions;  thoir  armngomeot  oxhilute  the  order  of  polarity  set 
np,  white  the  arrows  show  the  direotion  of  the  current  within 
tho  coUh  and  iu  tho  ontor  cironit. 

68j.  Tho  law*  0/  etectrotynt  lunally  Aoceptod  aro  those  of 
Fomday.  who  originated  tho  terms  used.     These  laws  are— 

I.  No  flementari)  »r<fe»fnn«i  ran  hti  on  eUclrolyU. — That  is  to  wy, 
tho  two  ions  ninst  bo  differently  oompoecd. 

II.  EleetrtiyrU  orcun  ontjf  leMU  the  body  um  the  liijuid  ttate. — 
This  state  may  be  due  to  either  fusion  or  eolittion  ;  in  the  latter 
case  many  Btilistaneea  become  electrolytes  by  a  tecondary  action,      h 
which  are  not  so  of  themselves.  H 

III.  Durintj eltrtrolyfU  the  fnmpnnenit  nfthe  eleHrolgtr  arcrfsolved 
into  I100  ffrinipii ;  one  gronp  Inkef  a  liejlnite  ilirertion  lowardt  one  of 
the  tltttrodti.  the  other  group  lahf»  a  courta  baeardM  (he  other  elee^ 
Irodt. — They  turn  tiiwkrOe  tho  several  oleotrodes  iu  ]i(>liir  order, 
but  an  not  moved  tuwai'ds  thoiii  by  a  diret^t  ii'tmutiou  of  tho 
electrodes.  Faraday  held  that  only  substances  coutniniuf; 
sitiK'<^^'l'i>"'tt''Dt8"''^<"^  radical  are  electrolytes,  but  this  is  now  ^| 
BUiiordcaod  by  more  general  conceptions,  S  67J.  ^1 

IV.  The  amoant  a*  %BeU  at  the  direrJirm  of  flretroljiM  it  definite 
and  it  dependent  upon  the  degree  of  action  in  the  battery,  being  direetlji 
vroporliemal  to  thr.  gnanlily  of  eleclrieily  in  eirctilation. — Thin  law 
la  explained  byS  676,  which  shows  that  "ipiuntity  of  electricity  " 
nieauK  number  of  equivalent  moleaolar  uolionii. 

V.  Thoiebodiet  only  are  tlectrolytea  which  are  armpoied  of  a  eon- 
ductor  and  a  non-eondactor, — This  addition  of  Miller'o  is  useful  to 
remember,  but  scarceh  ranlcs  as  a  law  of  nature. 

684.  Gkneiial  Law  ok  Euictkoltsb. — At  the  eUelrodet  lluue 
luhgtancet  are  »tX  free  which  altorb,  m  becoming  free,  the  leatl  inlrineie 
eneigy,  or  liioefl  troltnnee. 

That  is  to  say.  at  the  ptiint  where  tho  current  enters  or  leaves 
the  electrolyte,  any  «eif(hbouring  uioleonle,  whether  an  electrolyte 
or  not.  will  be  raiined  in  the  polar  circuit,  provided,  that  (i )  one 
part  of  it  can  unite  with  the  tme  I'tm  turned  towards  the  electrode, 
and  the  otiier  part  oan  form  a  free  molecule,  ubsorbiug  less 
energy  than  the  ion  of  the  true  electrolyte  would  require  to 
become  free ;  or  that  (i)  t!io  true  ion  can  Iw  introiluced  iaW  tVii* 
other  molecule  at  a  loss  exiiense  of  energy  ttian  i.V.  ■«cfA&  'a.^sA. 
to  coBftitate  s  free  molecule.  Tho  eii'betn.nceB  aeX.  ^««  '"^3  'Vft'Oo.'oa 
farmed  a froeb  oat  vf  materiaXa  in  contact  at  Oaa  eVwVt^A'WK  "i^^ 
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merely  i;i?pamti;d  as  ions  or  radicaU  from  previously  oxistinir 
mol«c>ilea,  nltlinugli  tbie  Utter  is  iha  fundamental  typo  aod 
gnwrft]  action  of  electrolysis. 

68;.  Got  if  tlie  voltage  at  the  electrodes  exceeds  this  requirpA 
Toltance.  then  the  Mubnlatico  neediog  the  next  leaat  onergj-  will 
also  be  aet  free,  in  proportioHB  dependent  partly  on  the  voltage, 
partly  on  the  flensity  of  utirrent,  and  partly  upon  the  relative 
proportions  of  materia!  preei.'nt  at  tbo  electrode. 

686.  Tbis  conception,  firet  ptihlishcil  in  thin  work,  shows  an 
nunlogy  lxi(wt*en  llio  tffecls  of  electricity  in  clectrolysJB,  and 
thone  of  heat  in  destructive  dietillatioti.  As  in  this  Inst  cnoe  tho 
Btilistances  ariange  themnelveH  in  new  forni«  suited  to  the  force* 
existing  in  tho  retorts  as  degrees  of  tcmperntiiie,  so  in  the  do- 
eomposilion  cell  they  arrntigu  themselves  in  forms  suited  to  t^ 
forces  existing  as  dt-grees  of  electric  Htrcss. 

687.  Sinco  tliis  linv  was  first  published,  M.  Berthclot  b. 
formulated  a  general  law  of  cbemistrj-,  which  he  calk  thepn'ii- 
c'lple  vf  maximum  teork,  S  5S5  ;  tliat  is  to  say,  when  substaniw*  net 
on  each  other,  tliat  itclion  occurs  which  Mitsfrce  most  heat ;  thia 
principle  underlies  all  the  actions  treated  of  in  the  chapter  on 
Electromotive  Force,  and  it  is  evident  that  M.  Berthdot'a  law  of 
maximum  work  is  the  eonvenie  of  tiie  general  law  of  electrolysia 
whicb  I  have  f>irmulat«d. 

689.  The  quantily  of  eUctrclylie  work  effected  hy  a  Ctirrwnt  wo- 
cording  to  9  676,  may  lie  calculated  thns ; — E  and  0  (S  677)  being 
expreeeed  in  volts,  and  H  hein);  the  total  resistance  or  ohmage, 
metallic  and  liquid,  C  will  bo  the  current  in  amperes;  this 
noltipUed  hy  time  in  seconds,  and  'OO00103J2,  ihe  coulomb 
equivalent,  );ivoK  tl>e  work  effected  in  tenus  of  the  "electriof 
equivalent"  $  676,  and  this  again  multiplied  by  the  value  inf 
Col,  VI  Table  XI II.  or  as  calculated,  gives  the  weight  in  grammes 
of  the  Hubatance:  or  this  same  liguiemay  be  used  in  place  of  the 
■ooootojji.     See  also  S  724- 

This  may  be  put  into  a  formula :  if  v  is  theelectric  equivaleafcl 
of  the  tiubstuuoe  set  free,  k  a  ojnstant  rcpiesciitingtbehydrageDl 
value  of  the  ampere  onrrent.  that  is,  for  gi'ains  o'oooi^^S,  fori 
grammes  o'ooooio);  a,  and  equivalent  figures  for  ounces,  ponnds^ I 
Ac,  E  volta,  R  ohms.  I  time  in  seconds,  and  W  the  qnonti^,  of| 
work  dotic. 
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689.  C0U.STER  EMF. — This,  which  is  tlie  sourooof  tbeEMP] 
ot  fMOodar/  batteries,  has  been  explainetl  H  622  and  £77 ;! 
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whether  we  n^ard  tho  decompondoD  ooll  u  ft  ouiidcneer  in 
which  a>  itreM  is  prodnc^,  or  as  a  ptaoo  whoro  cfaomical  d«com- 
positioa  occurs  uoder  sQpmor  force,  each  action  tends  to  make 
tho  anode  +  and  tlipreforo  to  o|>poBe  the  ciirront, 

'J'he  hattory  and  decomporitioD  cell  arc,  therefore,  identical  in 
principle  with  two  cells  with  finiilar  poles  opposed,  and  no 
enrrent  can  pass  iinle»s  tho  electromotive  force  of  the  one  cell 
(Ihc  battery)  eiceeds  that  of  the  other  cell  (the  electrolyte). 

690.  It  IB  generally  believed  that  this  —  U  M  F  is  not  set  up 
when  pint's  of  metnl  are  electrodes  in  a  BolutioD  of  the  same 
inetel,  iia  in  wipprniig.  This  is  not  correct.  It  is  evident  that 
the  pIttt<B  eiiniiot  Ixi  in  the  *cini«  solution,  because  the  action 
itw-l)  pHdl II cce  concentration  at  tho  nnodo  and  impoverishment  nt 
the  cathiMle.  I  have  fonnd  that  this  gcncmtes  a  small  —  EM  F 
>nd  that  the  copper  dcpositpd  in  a  decomposition  oell  worked  by 
k  Ouniull  cell  is  never  quite  cqttnl  in  quantity  to  the  copper 
di']ioidti>d  in  tho  battery  if  worked  with  a  wire  having  equal 
reniKtunce  to  the  decomposition  cell.  I  flnd  this  —  B  M  F  nhoiit 
-02  of  tt  volt, 

6gi,  But  M.  Lotwicr  hiM  shown  that  there  is  unother  aouroa 
of  —  EM  F;  tliat  the  moohnnical  i^uergy  nlMcirbcd  in  the  notiou 
produces  litis  as  it  docs  in  nrngnetiziug :  hv  stAtes  that  *'a 
current  traversing  tuiy  vWtndyto  devetujis  u  —  E  M  F  equal  to 
the  Bquar>3  mot  of  liio  current  and  the  rueistauoe":  that  is 
e  -  s/  Cr.  This  tbeiefore  »ariee  with  the  current,  being  of  tho 
nature  of  wurk  f  J25,  And  is  in  addition  to  tlie  chemical  reac- 
tion, which  dot's  not  vary  with  current.  Thero  may  also  bo  a 
—  E  M  F  caused  by  the  difTerent  mulecalar  condition  of  the 
metals,  as  rolled,  cast,  or  deposited,  as  those  varied  oondidons 
alter  the  E  giuiiirutetl  in  dissolving. 

691.  The  ek-ctrodiai  of  n  cell  am  not  necessarily  metals.  When 
tho  liquids  are  aeporsted  by  a,  porous  diuphragm,  their  surraoos 
in  ctontaot  act  as  ekiolrodes  to  each  other,  tuid  precipitation  may 
oucur  then  juat  m  at  a  plate.  A  soiios  of  liquids  may  he 
thuii  ooDuec'lud,  and  current  powcd  through  the  whole.  The 
examination  of  this  will  olc>*r  away  many  common  misconceptions. 
ThuA  it  is  often  said  that "  ions  can  l>o  tnuismittod  through 
materials  for  which  thev  have  a  stnmg  chemical  affinity  without 
Oombiuing  with  them.'  Now  this  is  not  tho  ease.  No  ion  oao 
ba  to  transmitiod.  Tho  illustration  usunlly  employed  rcpreB>.'nt« 
three  00Dni»ct«d  liquids — sulphate  of  soda,  infusion  of  litmus. 
Diid  wati>r.  After  a  time  sulphuric  acid  is  fonnd  in  the  water, 
and  it  is  considered  that  it  has  passed  through  the  litmue 
eolution,  yet  has  not  coloured  it.  But  what  has  occurred  is 
quite  diSerent.     Not  sulphnric  fkcid,  V>\k\  u«M\,i«ik  vA'^uk.'Wb  >A. 
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soda,  hns  travGrsod-  the  aulutton,  by  eimjile  endwDKiee.  Until 
tiiis  Las  brought  some  of  tlie  salt  over,  no  noid  wnuld  bo  roteased, 
nor  woiild  any  cuireut  posB  at  all  unlexa  huiuu  suliiie  EubBtauoes 
■were  in  tlie  water. 

69J.  Bitt  if  ID  any  iiitemicdiate  solution  there  is  a  chemical 
ftfGnity  for  one  of  the  ions,  capahio  of  ]jriidiici:ig  »  precipitate, 
that  iou  will  never  pass  across  the  solution.  8iip|>o«o  there 
are  four  solutions,  oomuion  salt  at  the  cuthude,  snlpbttte  of  aod&:^ 
next,  tlieu  nitrate  of  nilver.  and  iiguin  Milphute  of  »oda — no 
particle  of  ehlcjrine  would  ever  find  its  wny  to  tlie  nncxlo,  but 
Bulphurto  acid  would  be  eet  free  there;  any  phlurine  vrhioh 
either  by  endoaruuce  or  by  eleotrolylio  transfer  rt-achcd  the 
silver  cell  would  be  at  once  prBci|jitatod  ihcre.  What  really 
occurs  is  intercbao>[e  of  the  ions  iHJtween  contiguous  molei-ulea 
along  the  polar  chain,  bo  that  when  this  ia  compimed  of  different 
electrolytes  in  ootitiict,  the  oonstituent  ions  aresoon  distributed  ; 
but  whenever  in  the  course  of  this  dititributiou  two  iona  come 
together  which  iiavu  a  mutual  afhuity  great  enough  to  Oftuse 
(in  ordinary  chemical  combination,  ihey  beooiue  insoluble,  and 
drop  out  of  the  polar  chain.  Faraday  proved  this  by  deoom* 
posing  sulphate  of  maKticHia  in  contact  with  water  in  strata  one 
above  tho  other,  and  with  precautions  to  prevent  disturbaitco  by 

§M  ;  DO  magnositim  found  tts  way  to  the  cathode,  but  on  entering 
10  water  it  formed  a  film  of  magnesia  in  the  middle  of  tho 
liquids  at  the  lice  of  junction,  which  served  as  electrodes  to  the 
liquids.     TMb  bears  strongly  on  the  "  migrations  of  ionf^" 

694.  To  understand  tho  ohemicnl  actions  eBbct«d  by  thft 
currant,  wo  shonld  examine  them  first  in  n  pnre  eleattx>lyt«(| 
u  single  sulistanco:  and  most  of  tbnae  have  to  Iw  liijitefled  by 
fusion.  A  good  example  is  chloride  of  silver  with  silver  elec- 
trodes: thosilveradhercsto  thocnlhode  and  the  anmlo  dissolves 
away,  maintaining  the  chloride  of  silver  constant  This  is 
Dirfr4  Electrolysis.  With  a  largo  number  of  substancos  in 
rolution,  a  different  action  occuni,  which  is  called  Seeontiary 
Electrolysis.  I  will  give  tho  usual  oxplnnntion  of  this  firat,  and 
then  show  II  principle  which  explains  it  more  perfectly  and  in 
bettor  accord  with  the  principles  of  tho  electric  oiirrent, 

69;.  If  wo  otoctrolyKo  a  solution  of  sodium  chloride  NaCI,  wo 
obtain  C'l  ut  tho  anode ;  at  the  cathode  we  do  not  obtain  Va,  but 
we  have  instead  of  it  U,  hydrogen,  in  the  equivalent  proportion: 
in  the  solution  we  have  un  eqttivnlont  also  of  caustic  soda  NallO. 
But  if  we  eleolrolyy.e  aodium  sulphate  NajSO,,  wo  obtain  at  tho 
anode  an  equivalent  of  oxygen  0,  and  also  un  oquivalent  of  &eo 
aaiphttrio  ncid  HgtiO*.  wliiLe  at  the  cathode  wo  have  the  suao 
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ae  in  the  case  of  the  diloride ;  w«  have,  therofore,  apparently 
two  equivalents  set  free  for  ono  egaiT^ent  of  current.  The 
explanutioii  givea  is  this :  if  ws  add  BOdium  Na  to  water,  we 
dMOmpoee  th«  water,  we  produce  NallO  cau§tic  boda,  and  U  as 
freft  bydlDgan.  When  we  deoompoee  NaCl,  wo  really  set  free 
Na  in  preaenoe  of  wat^r,  which  is  then  deooiupoeod  by  teeondary 
or  purely  chemical  aotiun.  In  the  case  of  the  sulphate  we  alMi 
■et  freo  at  the  anode  (or  render  nascent)  tjO,  a  radical  which 
camiot  exist  separately,  but  which  acta  upon  wat«r,  11,0,  forms 
HJBO4,  and  seta  fVee  0  oxygen,  also  by  a  secondary  chemical 
action.     \\'o  may  picture  the  reoctioD  thus : 


Anode  +(80.   Na,  80.  No,  80.  Na  Na   >-  Calliodo. 
0/ 


HO  Iioj 

u  u 


The  upper  mw  of  braolteta  show  the  original  moleculea  of 
Na,80.,  of  which  tho  end  ones  break  up  and  n>act  npou  the 
water,  vhifh  do&4  not  center  the  polar  oloetrie  ohain. 

^9^.  It  should  be  noted  that  wo  have  here,  m  in  |  ^47,  so 
apparcinl  production  of  t«-o  equivalents  for  ono  equivalent  of 
electricity,  a?  wo  havo  at  tho  anoijo  an  oquivaloat  of  free  acid 
gonerateu,  and  also  O  set  free  :  and  at  the  cathode  we  have  free 
caustic  soda  and  II  as  gas.  If  this  explanation  were  tme,  tho 
EMI'"  required  would  be  that  of  composition  of  Na.SO,,  and 
that  is  by  Tablos,  p.  ;o6,  NaO,  t4;9)  foot  lbs.  and  NaO-i-SOj 
IIJT  ;  or  17711  --467^  =  )*8  volta.  There  would  also  be  hoat 
produced  in  the  liquid  equal  to  tbnt  of  tho  action  of  eoilinm  on 
water.  Now  wo  know  that  nn  K  M  F  of  1  '5  voltn  is  aufiicient 
t«  just  Kut  up  tlie  aotion,  and  that  thin  hvat  id  not  generated. 
To  underMtaod  what  really  ooouni,  and  ho  get  Hd  of  the  com< 
plication  of  diieut  and  secoudary  electrnlyaiK,  we  must  distioguiah 
butweeu  the  actions  iu  the  body  of  the  liijttid,  and  thoae  whioh 
occur  al  the  etectrodet,  S  550. 

6^.  The  action  in  the  body  of  the  liquid  oonsista  of  moleoular 
motions  tiunamittiug  tlio  curreut,  and  the  iuterchange  of  iuna 
ntnong  tlicmsiJvun  »«  tlicy  hapueu  to  nittet  with  others  cupable 
of  oomhiuiug  with  ilium.  Tlioso  uotionii  are  entirely  of  the 
nature  of  rotadincr  (except  a»  explainwl  S  ^91):  the  current, 
thersfore,  will  divide  itself  among  any  number  of  mixed  electro* 
iTtca  as  among  different  wires,  in  the  ordiir  of  thetr  oondnotance ; 
tlitTefore,  in  an  ordinary  coppering  Holutiou  containiiig  a  good 
deal  <if  free  acid,  the  current  will  l>e  u&rried  mainly  by  the  aoid» 
becaiiHe  the  condnetivity  of  Bulphurio  acid  1  to  li  of  watn  la 
1 6  times  as  great  as  that  of  sulphatv  of  cu^V'^t  wA^a.'Ouia. 
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698.  The  breaking  tip  0/  the  motenili:*  invulve*  BO  Hq^miilurt  0/ 
energy  in  UiU  oaso,  as  it  did  iu  g  6^7.  becaiiso  here  there  is  an 
external  force  operating  tbrougli  the  polar  ehain  ;  it  does  break 
up  the  terminal  molecules.  ei|i6udiiig  enerijy  in  that  acliott :  but 
tEe  mere  interchange  of  ions  tlirougliout  the  chain,  without 
disruption,  needs  no  onergj',  because  the  energy  imparted  to  the 
remainiuK  ions  at  the  ends  of  the  chain  euablea  them  to  unite 
through  tiie  chain  itself,  which  transmits  the  streae  and  the 
energy ;  any  energy  which  may  really  be  consumed  in  the  pro- 
cees  is  therefore  of  the  order  of  resistance  or  friction,  and  finally 
appears  as  the  heat  of  H,  deeS  705  (j), 

699.  At  the  electrodes  there  i*  a  telectiee  power.  This  is  not 
based  ou  resistance,  but  solely  upon  the  latioB  of  voltage  re- 
iiuired  to  free  the  eevoral  ions.  If  several  anioQfl  are  in  con- 
tact with  the  anode,  that  one  wili  bo  set  free  whoso  intrinsic 
energy  is  lowest ;  beiico  in  dilute  hydrochloric  acid,  ftc,  chlorine 
is  selected  bocaiiso  it«  energy  with  hydrogen  is  only  ^7^1  foot- 
ponnda,  wliiie  the  other  anion  preeont,  oxygen,  rcquireB  6841 
foot-pounds.  If  the  anode  is  soluble,  that  anion  n-ould  be 
iwtectod  wlioBo  energy  of  coinbinntiun  is  highest,  beoausft  heru 
the  action  is  really  that  of  a  generating  cell  and  (I  705)  oou- 
triliutes  energy  to  the  politr  circuit  as -|-  EMF  (botb  tbea» 
dtatcnieutj;  are  subject  to  limits  which  will  be  oonaijored 
preeently).  At  tlie  cathode  a  similar  eetoctivr  action  oct-urM; 
tlina.  if  a  copper  sulutiuti  contains  iron,  cnjipc-r  only  will  l)e 
reduced,  because  the  —  EMF  of  copper  is  only  f26  volt, 
white  that  of  iion  is  2*07  ;  for  this  rciison  hydrogen  tu  nut 
released  in  preaenu.'  of  inelatUc  salts,  except  when  their  epecitlo 
energy,  or  —  EMF.  upproiiciiee  nciirly  to  that  of  hydrogen,  or 
under  a  great  excess  of  E  M  F.  Hence  in  depositing  nickel  or 
iron,  hydrogen  is  always  given  olf,  deitpite  of  Smee's  law  to  tbo 
contrary.  The  principles  I  am  laying  down  show  us  why. 
The  —  EMF  of  iron  is  a  "07,  and  that  of  hydrogen  iaonly  i  "9, 
nearly  tliu  same. 

700-  It  in  jKMtuble  that  in  Bome  ouaen  a  true  $eftmdarp  or 
chemkal  reaction  occurs.  Snob  are  thuae  aotiona  in  whiob  no 
direct  ion  is  relea&ed  froui  a  broken-up  uiolocnle ;  but  a  oompleto 
molecule  bas  a  part  of  \X»  constttueuta  removed  or  aubstitnted, 
or  extra  atoma  (forming  the  true  ion  rv1ea«cd)  are  added  to  it. 
Snob  an  aolion  ooouta  at  tJio  cathode  with  nitric  acid:  the 
KOMMnt  hydrogen  rL-acta  upon  it  iu  manneni  varying  with  the 
rate  of  current  and  die  ooucentrution  of  the  acid  ^  if  this  it 
wealc,  hydrogen  is  given  off.  The  different  reaatlona  nhieli 
ooour  are  given,  S  saS. 

yoi.  A  corrcapoiiding  action  may  ocour  at  the  anode  with 
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mtueenl  oxjgen  or  ofaloritic  On  t!iiti  account  it  ia  ilAnmrons  to 
el^ctrolyie  «  Htrong  Holutton  of  luU  ainmoni&o,  NH,Cl,  nod  I 
aolcL-l  this  example  because  it  U  au  exjieriment  rcr;r  likoly  to 
\m  made ;  it  dooorapoBea  into  auiinouium  NH,,  wbieli  )}rrak«  up 
iuto  NII,+  H  at  tne  cathode,  and  CI  at  the  anode;  olitorino 
reacts  upon  tlie  salt  and  forma  drona  of  chloride  of  nitromn,  ft 
Tiolent  utmauageabk-  eipIoBire:  talis  NII,C1  4-  £Cl  =  4HCI  + 
NCl^  1  give  this  formula  far  simplicity  sake,  but  no  one  knows 
what  chloride  of  nilrogen  is. 

But  ivhile  thoso  Actious.  producible  by  ordinary  iilmmiivil 
reaotions,  may  be  reij^anled  as  secoud^iry  actions  of  sulintniici-it 
set  free,  it  is  mure  probable  that  the  molecules  ri^actiii];  aru 
acToalty  ranued  in  the  polar  electric  circuit,  and  that  tlio 
actions  are  eS^cted  under  (lie  iufiuenoes  oxcrtcd  by  the  currotit. 
We  may  therefore  substitute  for  tbe  oonfuning  ideas  of  direct 
and  secondary  action  the  funeral  conception,  $  684,  that  ttio 
produot«  of  electrolysis  are  ranged  aooording  to  theu  ratios  of 
specifio  energies. 

701.  MnEK  Blbctrolttib.— When  several  naths  are  open  to 
the  oiirront,  it  dividos  itaolf  amone  thom  all  in  tho  invorao 
ratios  of  their  i>evcra]  reaiatanoos.  Kvory  conductor  is.  in  fact, 
a  syatom  of  kwoH  "  derived  circuits,"  as  tho  unit  conductor  is 
tho  ^i^gIc  chain  of  itnivntotit  moleculos.  It  is  »ho«-n.  $  554, 
that  in liqtiiits  all  parts  fonu  a  systeiD  of  dorircd  circuits,  of 
iincquni  rreistanoe.  fraia  tnory  part  of  one  olootrodo  to  every 

fnrt  of  tho  other,  and  as  a  consoqnvDoo  ovory  portion  of  tho 
Itinid  in  tho  ooU  oairiw  a  part  of  tho  cumnt  pro[iortioncd  to 
tho  liooe  of  rcBiatanoo  in  which  it  entoni ;  but  thiit  roIiiti-K  only 
to  tho  true  cmduction,  $  $97,  Th<;L<oiiditiciiiHare<]uit<!  different 
wln-ii  ihu  dilfcroiit  "  dtirivwl  circuiUi"  arc  different  eloctroly tva ; 
thoae  couditioiiK  will  alno  be  rerydiOerent  when  the electrolrtas 
are  in  different  c«1ls,  and  when  Uiey  aio  mixed  in  one  vessel. 

70J.  The  travel  of  tlie  current  (eonduelion)  is  inversolv  as  the 
resistances,  and  probably  independent  of  chemical  exchange*  : 
the  entranoo  atid  exit  of  tbe  ourreui  (ekclrolj/tii)  is  inveiaely  as 
the  voltanobs,  and  each  is  probably  independent  of  the  otner. 
There  ia  uu  reawiu  to  believe  that  there  is  any  symmetry  in 
tbe  process,  which  ooiillnes  it  throughout  to  one  substance. 

The  cun«nt  will  act  on  no  sul«tance,  §(ii<^  (at  the  electrodes, 
it  may  iu  the  circuit)  whose  —  E  M  F  exoccds  the  potential  to 
whioh  the  e1ectrod«is  can  be  raised,  as  shown  on  an  electrometer 
ODBnected  to  the  two  ctectrodeB;  ^t  it  mny  do  so  apparently. 
It  may  at  one  electrode  neluot  OBe  ton  alone,  and  at  the  other  an 
ion  either  originally  forming  part  of  the  same,  or  of  a  diltereot 
electrolyte ;  or  it  may  ruloaae  aovetal  and  i«&uArvW\fe  'Oon  ■ 


8M 


ELECTBOLTBia. 


[1 


conBtituenta.  It  will  reltjuse,  first,  at  eacli  electrode,  nwr^  ton* 
at  (ai-B  up  leant  enerijy,  whetlier  \h.ey  originftlly  formed  part  of 
tlie  Bumu  eluotrulyte  or  iiot.  If  the  potential  is  raised  mnoh 
bfiyond  the  point  needed  for  this,  ions  requiring  more  energy 
will  be  released,  in  ratios  dependent  lurgely  upon  the  qiinutitics 
present,  und  in  ooiitaot  with  the  eleclrodo^,  S  68j.  M 

704.  Electro i.YTEs  m  DEaivEn  Ciecuits. — If,  inEte«dof  goinff'l 
tlirough  a  mixture  of  several  eloctrdlytes,  the  circuit  ie  divided 
into  sevorul  hraucliea,  ur  derived  circuits,  with  b  deoompomtioD 
cell  in  each  branch,  eoutaining  (jWtrolytesof  diEFereut—  BM  F, 
then  a  difleronl  net  of  ooiidilioua  will  arise.  The  experiment  is 
highly  instruetive  and  very  simple  ;  U  tubes  serve  as  L-ells,  or 
■tr&iKiit  tubes  tnrned  up  at  the  enda,  of  guoh  length  and  size,  ns 
enable  the  n.-siBtauce  to  he  made  nearly  eqiml :  a  galvanometer 
of  very  simple  type,  should  bo  used  iu  eaeh  oircnit,  or  one  will 
suffice,  if  a  resistanoe  equal  to  the  galvanometer  is  proridod  for 
eaoh  oirouit,  so  that  the  galvauomcter  can  be  inserted  in  placQ 
of  it  without  altering  the  conditions  of  current. 

The  result  will  be  according  tu  the  laws  of  derived  circriita, 
§  ;aS,  modified  by  the  different  opposing  K  M  F's.  Let  Fig.  69 
represent  three  such  derived  circuits,  containing 

I.  Sulphuric  acid  with  a  copper  anode,  with  —  £  M  F  =     ■ ;  34 
3.  Byoroohloric  acid   with   platinum  elec- 
trodes        ..  ..  .,  .,  „  „       =     -^68 
},  Sulphuric  acid  with  platinum  electrodes          „       =  1*464 

The  oommuD  currout  being  measured  hy  a  voltameter  or  Smw 

cell  i  19S,  A  will  givcne  niueh  hydrogen  as  i,  j,  and  5  together ; 

but    the    mtioe  between  these  l»tt«r 

Tin.  60.  will  he  quite  another  malter.     Until 

the  [Htteutial   between  A  B  and  C  D 

rises  to   ■534,  no  current  would  paM; 

th«n  it  would  go  wholly  hy  1  ;  wheo 

~7w~  it  rose  beyond  -968  a  little  would  go 

by  2.  but   only   a  small   proportion  [ 

and  it  would  require  greater  battery 

power  than  if  2  ivere  acted  upon  alone, 

'•"*  beoauHH  hy  the  laws  of  derived  circuits, 

the  G  M  F  would  he  equal  at  nil  the 
junctions  of  1,  i,  j,  with  A  B,  and, 
therefore,  thu  facility  of  passage 
opened  tliroBipb  t  would  rapidly  lower  the  potential  in  the 
OommoD  ooudooton,  and  make  it  mora  difHciilt  to  raise  it  to 
the  degreo  neceesary  to  pass  any  current  through  a  than  it 
would  be  were  x  diaoonnrated. 
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705.   ELect«OLTTi<;   BiucTiosM. — Wo  may  now 
thooretical  principlce  to  well-known  roactions. 

(})  Tho  docompoBilton  of  sodium  8ulplittt«,  in-^tciul  of  taking 
plkoe  by  '■  eocoDdary  "  action,  as  showD  in  S  696,  in  effoclLil  hy 
molecoW  of  water  outeriii};  tho  polar  chain  it«oIf :  thu  uztremo 
ioDS  of  tho  chain  go  off  aa  gaaes,  and  the  formula  bocomes, 


Water.         Sodinni  Siilphtitc. 


Wator. 


Anode  +  oJsO.g*   SO.g*  SO.gH     JJJJ  g  -  Cathode. 


I 

Iow«r  ontn  tho  result  of  tlie  action ;  and  I  havu  iudividtinlized 
tho  BtuiuH  in  order  to  ahotv  why  a  bibasio  salt,  eiich  wt  a 
sulphate,  takea  two  etiiiiTaluuta  of  ourn*ut  to  deoonipOBe  it,  the 
equivalent  being  IXMCfl  on  Q,  j  676.  Xb«  student  uiould  oom< 
paie  thie  diagram  with  that  in  §  69C,  and  thoroughly  realize 

;       tho  dilTerenco  of  priuoiptes  involved  in  them. 

I  Thia  reaction  requires  1  -5  equivolta — that  ia,  bo  rnnoh  energy 

muat  ho  givco  up  by  the  ourrent,  to  set  oxygen  and  hydrogen 
fre*,  ft&d  the  ooll  will  act  ss  a  —  «  of  that  sti^ngth. 

(l)  But  the  anode  represents  the  zinc  of  a  battery  cell,  S  660, 
•na  if  it  can  combine  with  any  anion  or  acid  radical  present  it 
diawlvos  like  the  iiinc,  and  gives  +  ener^  to  the  circuit.  If 
tlMnforu  ib.il  anodo  is  made  of  copper,  current  would  pass  with 
Ian  oxiiendituro.  and  tho  action  would  become 


Anode  +  CuSO.g;;  80.  g*  SO.  g;[ggg  -  Cathode 


-f>  1-36 


-1-91 


^^     Here  wti  see  that  the  energy  alworbed  is  1  -ga  —  i  ■  l5,  or  only 

0'66orau  eqnivolt,  becanso  at  tho  anodu  a  reaction  oocnrs  whiui 

I       gi<rv»  up  energy  :  or,  nior«  rimply.  there  is  only  itliimrptiun  at 

,        th«  cathode  fur  setting  hydrtjgon  free,  in  l-xci.mw  of  tliut  dne  to 

tiopper  aolutiuu  :  if  i:inc  wpro  niwd   in  place  of  oop[»er,  ntill  luaa 

©nercy  woiild  bo  absorWl. 

(^j  We  may  hare  at  thu  oathodo  iilno,  an  ion  which  nt^cilu  no 
more  energy  than  a  oorreeponding  rov^me  action  at  the  aiiodu 
will  supply,  then  no  have  an  olcvctrolysis  whiuli  in  only  a  tt^unV 
onco,  aot  a  —E,S  C'79  (t)  utd  S  6gS;  avi&  *i^i:mS.u\«  'Oo.o  -^-eri 
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feeblest  forco  oau  efi^t  it.     If  we  place  copper  solphftto  tX  the 
cathode  of  the  lust  reaotion,  it  beooines  ~ 

Anode  +  Cu  SO,  ^^  SO.  ^>  SO,  ^*  SO.  Cu  -  Cnthode. 


+  1-36 


-i-i5 


i 


Thia  is  an  ordinary  coppering  reaction,  in  wliicb,  to  keep  u 
the  analogy,  I  liave  xteed  enda  BTiIjdiate  in  the  circuit,  )uiit«: 
of  copjier  Mulphate  or  sulphuric  auid  as  usual.     The  copper,  _._ 
combining  with  the  acid,  gives  up  1  ■  36  ccjuivolta,  ag  +  E  M  F, 
and    the  tinal  deooiupuuitioD  absorbs  thii   same    as    —  E  M  F, 
leaving  otily  the  reuititaiicu  of  the  i^bH  to  overcome. 

(4)  In  the  ordinary  voltaiuuler  with  diln»e  acid  we  have 
reaction  which  it  will   be  seen  reat'mbles  the  decora jweition 
Bwliiim  sulphate  (i),  bnt  the  hydrogen  comes  off  at  the  cathode 
without  producing  any  other  substance  there,  because  the  acid 
itDelf  supplies  the  hydrogen. 

Anode  +  05",  S0«  H,  SO.  H,  -  Cathode, 
EUF -7^464 

giving  baddMihe  reeistnnce  of  the  cell,  a  — EMF  of  volt 
I  '4S4  ;  floftftt  A  single  Daniell  of  volt  i  'O79  cannot  puss  cnrn^tit 
at  all;  bnt  if  we  use  as  in  (2)  «  copper  anode,  giving  b  +  EM  ~ 
■9J,  80  reducing  the  —  E  M  F  to  ■  554,  current  passes  frwdv 
hydnigeu  Js  given  oET,  and  sulphate  of  copper  formed.  In  formal 
(2)  this  reaction  shows  a  force  of  0'66,  while  here  it  is  •5J4i 
although  in  both  caacs  the  same  products  aro  set  free:  but  thfl 
presence  of  the  caustic  enda  in  the  first  case  introduces  an  element 
which  does  nut  cxint  in  the  other,  and  this  ts  the  cauHe  of 
Rreater  force  requirail.  All  thene  figures  are  given,  however, 
illustrate  priucigjluM,  nut  tut  actually  accnrule  in  thuraaelves. 

706.  Wateli    rot    an    Ei-ECTiiOLVTE.— -MmiMt    all    llic   t>oob| 
speak  of  the  detom position  of  water ;  in  fat-t,  Uioy  ouBimonI] 
attribute  thL'  protessea  of  olcotrn-niBliillnrgy  to  Kewmdary  actioo' 
of  the  byJroi^eii  set  fr«o  by  the  docomiiositiim  of  wati-r;  they 
Bpsiik  al-oof  water  bi-'iog  a  bjid  oonduet-r,  but  madu  belter  by 
the  presence  of  auMN  and  emlui.     The  foivgoing  ]>riii(--ipW  enabia 
us  to  define  a  true  diKtrvlyte  a»  a  pair  0/  i<int  which  trill  tirAit  tfi  ~ 
undtr  a  potential  t-juivaleat  to  the  affinity  tchieh  holdt  ihem  together^ 
S  6^4-     It  is  doubtful  whether  pure   watur  is  not  one  of  tUfl 
BtroDgeet  iitttal&U>n\  ntftU  «v«utot\t'NV\\wi\,Q^A'juot«lectrolyi 
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andw  R  pot«ntiftl  of  I '  5  volt,  Ivut  fmIiU  s  hiinilrotl  tlmoM  that 
S  M  F :  tliorefon  it  tit  nut  iin  t-loutrolyte. 

707.  Tbi»  point  hail  btwii  oftun  urgtioil.  Somo  hftvo  said  that 
ftlti^rnnting  oarronb*  will  ilnoomixiaQ  w*t«r,  only  tfw  coD«titupnta 
rvanitvat  tho  olcctrtxlQis,  $  5^';;  thin  plnn  iitobvion»lyinor«lyro- 
verring  tho  nhurgMtofii  oondoimor.  KM-ing!ngthc  wstvrmoloculea 
hAokwftrdii  ami  f(irw«rdii,  not  bn-nking  thorn  nn,  nor  paasinc 
cnmrnt  thnnigli  tht  wiitwr  at  nil.  OtlitTn  liiivc  (nod  to  dimiDisa 
th«  rwsisUnue  by  oiiiling  up  two  plbtiDtim  plutcs  separotod  by  silk, 
giving  grmit  urm  ftml  litllii  tlucknoM  of  liquid.  They  pniwed 
citrrvnt,  *iidgutga«eHUuqui«ti(iDitbly,  but  it  iH  Hcnrocly  noovMary 
t"  Miy  thnt  it  wam  uot  (luni  lealur  which  wus  btiiig  docompoved. 
Tho  fiLct  in,  rMilly  piiro  wuti^r  i»  unknuwn,  even  U>  chcmista  ;  it 
cannot  be  niiutu,  uDd,  if  inmii!,  cuuld  not  be  kept  five  uiiuutcti. 
Watvr  is  a  cloHu  upproucfa  lo  Iht^  luiig-HOUglit  uuJL'ct  of  the  old 
Kl«hoiiiiist« — a  univertiul  solvL-nt.  Th6  ]iure«it  jiUtinnm,  even 
tlioiigh  made  red  hot,  iffcc.,  in  sur«  to  huvi<  mtne  ri-«idiiury  iui- 
pnriti«fl  or  adhercut  gus,  and  thus  Ute  ooudttions  of  ideal 
dectroIysiB  nre  inevitably  titiat^d. 

708.  If  thoiinodcbeEri]vi>r.  ftft«r  a  time  tracosofBilverarefonnd 
in  the  water,  and  from  thie  it  has  bcea  argued  that  water  b  au 
elootrolyt*.  but  that  ita  very  great  resistance  prevents  meaaur- 
ftble  current  paeein^.  The  argnmeDt  is  not  valid:  whc-u  tliu 
water  is  polari^od  as  a  dielectrie  tmder  stress,  its  oxygen  of 
oonne  will  unite  with  the  silver,  which,  patting  into  aolution, 
oonstitQtea  an  electrolyte. 

709.  Water  nnd  maDyotKer  snbhtancea  permit  a  slight  ourretit 
to  pa&i  without  tindergoing  electrolyiia;  and  it  bus  been  argaed 
that  this  is  caused  by  the  gases  being  given  off  and  ubfiorbea  by 
the  liquid.  We  cannot  limit  nature,  nor  oau  we  be  quite  sure 
that  liqaids  cannot  conduct,  in  some  de|;ree,  like  metals  and 
■olids,  aa  even  gtitta-porcha  does.  But  there  ia  another  point  to 
consider.  Water  freely  dissolves  air,  and  takea  up  the  oiygen 
in  a  higher  latio  than  the  nitrogen  :  it  ie  by  thiti  property  that 
fisheaare  enabled  10  bn^athoi  thuroforo,  when,  under  the  iunuenoe 
of  tho  ohargi',  the  wntcv,  nctini;  as  a  dielectric  presents  its 
hydrogen  to  the  cathoilo,  it  tiixls  there  oxygen  with  which  it  can 
oombine,  while  the  mrrv^spKniling  oiygeu  is  set  free  at  the 
•node,  with  the  Tt<auU  of  n  mnall  current  passing  ;  this  action  is 
thcra^ro  portbctly  nmilogouK  to  tho  tranfmiuaion  of  current 
■oroMi  a  oi>pp(>r  aolution  between  copper  electrodes,  in  fact 
ox^'gon  i*  ttanafi.ured  iimteud  of  copper.  Hirlmhult^  bos  proved 
this  by  moauH  (if  a  Hiri;fiillv  prnjionici  hermetically  sealea  "  gu 
frMo^d**;  he  found  that  tiiis  nlight  current  diminished  as  tha 
gM  waa  gol  rid  of,  and  titially,  wob  a\Wg«\'h«i  ■^\A  «.  «.\«8  V*. 
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710.  Ill  tliu  refictiona  call«l  the  deooiujiuBitiun  uf  wahir,  thJ 
gases  do  not  oonie  off  puie,  and  cvtuequently  1I16   tIieori.itic<u^ 
moaenree  are  rarely  obtained.     Ozone  is  generated  at  the  niiod<i, 
and  peroxide  of  hydrof^n  iit  tlie  cathcide.     Thc<te  are  reir>ikrlcable 
anbsbances,  possessing  tlip  coutra<lictDry  [irojicrtieu  of  Iteiug  l>otb 
oxidizing  and  re<tiK:iug  agcnU.     OKuria  is  a  nioleiMiIe  of  oxygi>n 
containing  three  atoms  Instead  of  two,  and  with  tho  third  atom 
ready  to  leave  at  the  earliest  opportunity  ;  therefore  it  will 
oxygen  froni  an  oxidiKiug  agent  to  form  ordinary  oxygen, 
hydrogen  from  a.  redticitig  agent  to  form  water.     The  reaoti< 
may  be  written  thus : 

Anoda  OH^  0  |h  H  |  H  0!^*^°^®- 

An  atom  of  oxygen  released  at  the  ano<le,  and  ila  two  atonu 
of  hydrogen  acting  on  two  molecules  of  woter,  so  oe  to  form  two 
moleoulea  of  free  hydrogen  and  one  of  hydrogen  peroxide  H.O] 
Three  eiuch  reactions  ^ive  three  atoms  of  oxj'gen  to  form  a  molo- 
ciilu  of  «/ono  0,  at  the  anode. 

711.  Mr.  Q.  H.  Bol>ertsou  has  shown,  a  few  days  liefgre  thia 
]iart  of  the  worlc  went  to  the  printers,  tliai  this  generation  of 
B.,Oj  pliiys  a  very  iiuportant  part,  hitherto  overlooked,  in  tll« 
tihomiblry  of  seuoudary  butteries,  S  j  10,  its  presence  buing  tlto 
cnnse  of  tlie  high  KMFjust  after  charging,  $  ^24,  about  2*5 
volta;  he  proved  this  by  an  exporlmental  cell,  the  platea  of 
whiuh  could  be  exchanged  in  the  liquids,  which  cauned  an  im> 
mediate  fall  of  voltage. 

713.  Small  electro&g  facilitate  these  exceptional  notions  owing 
to  two  causes :  i,  increased  licisity  o/curr«i(,  so  tliat  tlio  mole- 
onloB  of  11,0  iiicontaot  with  the  electrode  are  more  tumultuously 
Hulicited  by  the  nascent  O,  or  in  other  words  tho  usual  infliienco 
of  relative  quantities  come  into  action, S^i6:  3,  tho  resistanoe 
being  greater,  the  stress  on  the  molcouiee  is  greater,  as  tha 
potential  is  higher. 

71  J.  Water  containing  air,  whon  eleotrolyzed  by  a  powerful 
current,  generates  nitric  acid  UNO,  at  the  an>x1e,  the  aasoont 
oxygen  uniting  with  nitrogen  and  water,  and  luuraonia  at  tk 
cathode  by  union  of  nitrogen  and  hydrogen,  thus : 

AnodeljN  Nj  ICatliode, 


amfOjjsOll,     OH^     UiofaNna  +  4lL 

714,  DissooiATlOK. — When    current   from    a   machine  ent 
water  by  moans  of   Hue  points,  daoam^oaitioa  oocore;    it 
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Dot,  bowover,  eteeircl^,  but  di$ioeiation ;  both  gaaos  aro  eiren 
off  logother  «t  each  of  tlio  elwtroilus ;  tlita  is  due  to  tho  high 
teosiQiu  let  up  auJ  the  viuliuicu  of  the  vibratioiiB  produced, 
•nalogoiu  to  tii«  action  of  u  fliiab  of  ligbtnitiif,  no  that  lh«  atoms 
of  0  and  11  oousUtutiiig  wat«r  aiv,  aM  it  were>,  shaken  apait> 
SimUar  diSBOmatbu  is  produced  chi'iuicalty  in  wat«r  (m  vtMlD), 
and  in  many  rabstaucuB  whuu  the  teiupurature  or  heat  tennon 
ri«c«  beyond  the  do(^>o  at  whicli  ootnbiuation  occurs.  This  fact 
hns  a.  etriking  analoj^  to  the  dinruplive  action  oxortod  in 
clcolrolyoia  wh<ju  the  potent  iat  risea  beyond  the  chomical 
afiinitio«  of  the  radicals,  but  it  haa  nothing  to  do  with  the 
hypothetical  dissociation  of  $  653. 

715.  In  the  electrolysia  of  oommon  salt  NaCl,  for  every  nnit 
of  currrcnt  one  atom  of  hydrogen  will  be  nieaaed  at  the  anode 
throughout  the  action  ;  but  uoue  of  the  other  reactiuDS  will  b« 
ttniform  :  at  tirst  the  action  accords  with  the  ordinary  laws,  and 
for  each  atom  of  hydrogen  there  will  be  an  equivalent  of  sodium 
hydrato  at  the  cattiode,  and  of  chlorine  at  the  anode. 

Cathode  -  HNO  nTc^  kTcI  +  Anod« 

Unt,  as  the  caustic  soda  accumalatcn,  it  oarrimi  a  part  of  tlt« 
onmnt,  and  then  coramcnom  a  sorics  of  oomplioatod  actjons 
at  tbo  anode.  Ohiurino  is  no  longer  giron  off  atone,  but  somo 
oxvgun  accompanies  it  by  part  of  tno  ohorino  regsnorating 
•odium  chlorida  thus : 


H  110  Na  Cn 

Cathode  -  __,;^:r — '      y     +  Anode 

nNaOHNa" 


I 


716.  The  Mimo  reaction  also  extt^nda  itnelf  bv  taking  up  a 
molecule  of  the  salt,  and  forming  aodinm  liypocolorite,  instead 
of  setting  the  oxygen  free 

HONii      utTo      nIITc! 

Cathode  -  , - _. +  Auodo 

H  II  O  Na  CI 

In  conscquonoo  of  this  and  similar  reactionti,  chlorftt<«  and  othttr 
oxygon  salts  may  ho  formed  at  the  anodo  when  chloridea  are 
olectrolyxod,  instoad  of  the  full  oquivalftnt  of  chlorine  being 
given  off.  In  tho  electrolysis  of  hydrnchlnric  acid,  nimilar 
resalts  occnr,  and  oxygen  is  set  free  as  wsU  a*  c,ViVmii'a.w\*.  "iv* 

^  "6 
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ratio  of  oxygen  increases  aa  the  acid  is  woakcr.  Ix^xiiso  there  an 
more  oxygen  atuoiB  in  the  vicinity  of  the  electrode 

717.  Tlieso  reactions,  and  apparaluB  for  c-Brrying  them  out,  have 
been  ofti-u  patented  for  bleaching  purposes,  and  will  no  doubt  bo 

finjfltably  utilized  for  that  and  other  puqioses  now  that  electro- 
yaie  can  be  cheaply  effoctcd  by  tl>e  dynniDo  nnd  steam  engine. 

718.  I'hese  varioUH  enaiiiplfe  have  been  aetocted  becaitae  of 
their  special  significanci.'.  They  are  commonly  treatofl  as  slight 
eiceptioiiB  from  the  eetablichpu  laws  of  electrolysis,  or  ro»alta 
of  "Becondary"  action.  They  really  show  that  this  indirect, 
chemical,  or  secondary  action  is  a  delusion ;  diemissing  it,  wo 
can  ascend  to  that  higher  lnw  formnlated  f  684,  with  all  its 
theoretical  and  practical  rfHultn. 

719.  In  electroljeis  there  in  ao  dircrt  tramt/cr  of  ion*  from  ono 
electrode  to  the  other,  bnt  fi  ooimtuut  intun^hnugc  i.i  rndicats  in 
contact,  which,  owing  to  the  neleotive  power  exorteil  at  the  olco- 
trodos,  tendH  to  Iho  nccmnuliition  of  two  clnrmeB  of  nulicnis, 
which  in  the  ctwo  of  salts  in  solution  would  ultimittoly  collect 
all  tht>  iicidfi  on  one  side  and  all  the  bases  on  the  other,  as 
di^oribed  i  721  :  but  tliis  could  never  U-  offijcted  by  »  cniTcnt 
oiiuiv&leDt  only  to  thi'su  prLilucts,  bL-caii»«e  a,  coutintntl  reTersioii 
01  tlio  ftotion  and  diffusion  uf  the  proilukts  guos  on  ;  in  |>r&ctic«, 
tlso,  in  a  depositing  cell  lung-sustained  action  transfers  the 
metal  of  the  anode  to  cathode.  But  the  anlunH  or  chlorous 
ndioals  tond  to  aocumuLato  uiost  rapidly,  and  this  has  important 
results  Id  electro-metallurgy,  because  they  uct  on  the  aoodA 
and  BUTTOiind  it  with  a  saturated  sulutiou ;  while  the  removal  of 
the  metal  at  the  cathode  lends  to  produce  a  weak  and  actd 
solution  there,  juai  where  a  dense  metallic  oulutiou  is  most 
dt'siiable;  in  fatl,  if  wu  use  a  neuliul  solutiuu  of  copper 
sulphate  in  a  cell  with  a  porous  partition,  and  drive  a  atrong 
oarreut  through,  in  a  Utile  while  the  anode  will  bo  covered 
with  crystals  of  anlphato  of  copper,  formed  there  but  unable  to 
dL-«iolve.  while  the  aolntioo  at  the  cathode  will  be  eo  exbamtod 
as  to  give  the  metal  mixed  with  hydrogen. 

710.  The  mode  of  Iruusmission  of  ions,  and  the  vray  in  which 
the  metal  of  the  anode  is  transferred  to  the  cathode,  may  bo 
reprcBcuted  in  the  following  diagram,  in  which  copper  is  sup- 
posed to  be  immersed  in  eulphnrio  acid  : 

t.  Cu  SO,H,  SOjIl,  SO,H, 
Anode    2.  Cu  SO.i'u  SO.H,  tiO,H,    Cathode. 

+      J.  Cuso^Cuao.enHuji, 

4.  Ou  BOtCiiaO,Ctt&C),Cu 


I 
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The  lin<M  tihow  Hnooranvo  Actions  which  involvo  m  rodistribn- 
tion  of  tJiu  rodicttU,  and  the  nowly-fornioil  moloutiles  luako  a 
wnni-rorolution  im>  m  to  ronow  thu  polar  ooiidilion  ;  at  weh 
•otioD,  tb«raforo,  n  niolociilo  of  cotipor  Kiilphnto  is  formed  by 
eoppor  ontoriDg  »1  t)io  4-  end,  nnd  liyilrogun  Iwring  at  tha 
OBtoodo  i  70;  ()),  until  at  Icngtli  (x>ppor  nii1]ih«to  reaches  tho 
cathodo,  and  ooppor  cfin  bo  ttet  fnin  thcro  innlisftd  of  hyiliogcn. 
Tho  ntudont  should  (compare  this  vsphmHtiou  with  thnt  nrferrod 
b»  io  {  6^1.  But  while  ho  iiviiidii  the  i.'mir  uf  iittiibiiting  tho 
nation  to  mnxo  mytliioul  nttrAotinti  vxcrUiil  by  thu  singlo  oloo- 
troduH  on  oppoeiti.>ly  ek-ctrilied  intis,  atid  dourly  nnili/ui  thnt  it 
is  »  inoloouhtr  action  between  tho  elL-olroditt  aitd  tlio  liquid  in 
cdntact,  he  niiiat  not  overlook  the  otbcT  cuiidition  whii'h  aIso 
AKwt*.  TJie  ek-ctrolyto  is  rc«lly  (n-ciipifd  by  h  "  Ci-ld  of  force," 
■ucb  w  exixtn  in  Ktutio ehargt-s,  iind  all  ttti  iiioleuul«« urc  tberefxra 
nnder  th«  Htutio  or  di-oleotrio  streit^  whioli  plays  its  part  in  Uio 
notion. 

72 1.  R:(i-EUitiENTS  in  eliictroIysiB  are  very  iuterealJng  and  in- 
Btnictiv«,  mid  OTi,*ry  odo  wbo  wishos  tv  uudvrHtaiid  the  subject 
should  make  tbein  for  himself,  taking  care  as  far  as  po«iiLI«  to 
watch  all  the  ((uantitative  relations  of  the  oarrent  by  some  of 
llie  means  desorlbed  in  the  chapter  on  meofiuremoQt.  Tbero 
liaro  l.icen  maay  complicated  forma  of  apparatus  devised,  but 
tho  most  important  experimenla  can  be  performed  by  tho 
siiiijjleet  meana.  Wires  of  suitable  metals  serve  for  electrodes, 
and  small  U  tubca  made  by  bending  np  [MeOM  of  gloss  tubing 
will  serve  for  oells,  the  two  liquids  being  plaoed  separately  in 
the  logs ;  in  some  cases  it  may  be  well  to  nil  tbe  bend  with  fine 
aand  ;  straight  lengths  of  tnlw,  eloi-ed  at  the  bottom  with  a  plug 
of  ptoAtar  of  I'aris  or  asbosto*,  may  be  used  by  dipping  them  in 
m  veuol  of  suitable  oonneoting  hrjuid.  When  gajifji  nn>  to  bn 
collected,  test-tubes  can  bo  un.'d,  fillud  with  the  liquid,  olosed 
with  tho  fingor  or  with  u  piece  "f  slieet  indiambber.  nnd  io- 
■vcrtod  over  the  wire  electrodo.  The  instrument  doaaribod  $  578 
is  alwo  suited  to  electrolytic  experimentfi. 

713.  By  connecting  several  suoh  cells  or  U  tubes  in  mrieB, 
tbo  Btudtnt  will  see  that  the  acids  all  collect  in  one  arm,  and 
thtt  basoM  in  tbo  other ;  and  by  UNiug  them  singly  and  noticing 
the  E  M  F  or  number  of  cells  needod  to  jiass  any  given  current, 
ho  will  make  clear  to  himself  tho  relations  of  tho  force  and 
Dlwcrvo  tho  rvacting  foroo  Mt  up,  while  the  conditions  of  Fig.  £9 
can  Iw  Htudidl  by  mounting  the  tubes  side  by  side  in  multiple 
uru.  For  inntnncc,  let  four  U  tubea  contarti — i.  ftAiiV^vatt  t& 
poUtaaiiim  ioiJiiin  with  a  little  Starcb  ;  2.  OnvcvmoTv  wiXl,,  a3viWT«fti 
Blao   iritb  suli'buU)  of  iuditcoi    \-  AtuvaoiAma  a^YvVnW^  "«\.iik 
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infiMirm  of  cubliage;  4.  Copper  nuljibate.  Cotineotad  wjtii 
platinum  wircH  atid  placed  in  miriea  with  a  Btruii);  battery,  tlw 
anodo  aniiH  will  eikow  acid  reoulitios  ;  i  will  be  coloured  bluo  by 
i'taeH  iuditie ;  2  will  Im  bleaoliL-d  by  cbloriiie ;  j  will  redden  hv 
milpliuric  iicid ;  a  will  t\utw  aoid  ou  litmus  paper.  The  i»thode 
nnuH  will  nliuw  the  preseuce  of  the  bases ;  i  will  turn  tnnuuno 

Ci-T  bruwn  by  potash ;  2  will  do  the  same  by  soda :  t  will 
)me  green  by  aiiiinonia,  or  blue  if  litnina  is  used  in  pliwo  of 
onbbaj^  ;  4  will  deposil  copper.  Used  sisaly  or  in  multiple  are 
with  iiioreaaiiig  power,  they  will  show  the  forces  needed  for 
each  reaction. 

72}.  Oxides  are  thrown  down  in  a  solid  form  from  some  salts. 
Such  are  the  nitrates  and  acetates  of  lead,  tuanganeM,  ftnd^ 
bismuth,  from  which  the  peroxides  as  l*bOj  MnO^  are  deported 
upon  the  anode.  With  the  lead  suits  very  beautifkil  effeota  an 
prodnoed,  as  the  peroxide  in  different  thicknesses  has  different 
colours  through  which  the  metal  may  parualiy  appear.  By 
aotinff  on  a  jtolishcd  plato  from  a  pointed  electrode,  rainhow- 
tiuted  rings  31*0  foiTuod  on  the  priociple  of  Newton's  rings,  due 
to  the  interfercnw  of  the  waves  of  light  reflected  tbrough  tbe 
film,  which  diminishes  in  thickness  as  its  diataooe  from  tbe 
point  increases.  M 

7J4.  This  process  is  capable  of  practical  application  bjr  w»yW 
of  omamenting  mctatlio  surfaces;  bouhj  attempt«  in  tlu»  way  " 
have  been  made,  and  it  oSbra  a  promising  field. 

Many  practical  tuet  0/  eletlrolj/fu  may  bo  disooTcred.  It  offers 
a  cheap  and  convenient  mode  of  producing  any  ohemieal  effbota 
wbH^  depend  upon  oxidation  or  deoxidalion  aooording  tu  tlio 
electrode  used.  It  hat  many  applications  in  ohemioal  aualyais. 
Hydrogen  peroxide,  §  711,  is  largely  used  as  a  hair  wash  to  give 
a  golden  colour  (best  left  undone).  It  is  used  to  purify  sewage, 
more  or  less  profitably.  It  does  in  hours  the  work  ot  years  Id 
a^ing  wine  and  spirits,  and  kills  fermentation.  A  very  large 
«nm  of  money  was  abio  extracted  from  the  British  publio  by  an 
iagonious  Auorican  who  professed  to  refine  sugar,  and  I'rof. 
Si mnns  Thompson  deserves  credit  for  having  denounced  t}iat 
pretence  before  it  was  shown  to  be  a  deliberate  fraud.  Id  the 
production  of  dym  it  would  seem  that  electrolysis  wonld  be  a 
mo«t  con v<; wi  1111 1  agency. 

725.  T118  WoiiK  o¥  Klectrolvsis. — The  formula  given  9  688 
ia  adapted  to  sciontific  and  experimental  purposed^  but  ttie 
ampere  is  loo  sniall  a  measure,  and  expressions  oorreaponding  to 
■etual  operations  would  bo  found  more  convenient.  The  ampeis 
boar  il  commonly  u»ed,  but  has  disadvantages,  and  dMin»l 
aaltiphs   of   the  unit  of    i^aanlitj.  auob  «a  "  ■Tii<%-<yitilomb,' 
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tlMngb  admirable  to  the  minds  of  Proffworn,  are  not  likely  to 
piMM)  &07  oue  else.  The  weights  ubm)  in  [ir«ctic«  are  the  beet 
nnita  of  qnautity,  uud  I  have  calcuU'M  the  following  tnble. 
To  ooDTert  these  %un.-s  into  actual  Hulifttauoua,  multiply  the 
on«  wleoted  by  tl>u  "  dectrio  c^uivali<ut,  Tuble  XIII.  col,  6<atB 
ORloalated,  of  the  ruijuiruit  siiliBtAnoe." 


1  CdUumtK 

MM  ODolomb. 
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1  kiaprit- 

uccmd. 
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Ounoc.  AwHfdup^ 
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-J -oijoiSo 
-4-IOJ4497 
-■7-S»)a){ 

-ll-»«K17 

-JJJilJ 
-001 JIJ 

•oooottt 

-I'jTiJioj 
-"■Ji  ■);;'! 
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716.  Let  k  rvnmi«Dt  (lis  in  i  £38)  Ihe  one  of  Ihett  ttUcUrd  and  v 
tho  eleotria  cquivftlunt  of  any  suUitAuou,  thon 

ft  X  V  =  Vi  vr  ([iiautily  i-f  the  sal'stanoo. 

W         _        Jolectridty  reriuired  in  the 
X  P  "        '  \     0OiTo»powiling  unit. 


1iien„-i~-  =  Corrent,  and  r,—   —r  =  Time  rwiuirod. 
1  ime  Curreiit 

717.  For  prkctioid  operations  it  would  be  advisable  to  trana- 
lat«  thoscientifio  terms  and  ■valnos  into  correspond  iug  special 
terms;  that  is,  inntead  of  reckoning  currents  in  ampcrt-s  to 
measnro  tbom  direutly  in  terms  of  tlio  Hiwaiul  work  :  this  is.  in 
fact,  using  an  enlarged  "chcmic"  unit;  thus  au  electrotyper 
would  moosnro  hi«  cum-nt  in  terms  of  oiinci'S  of  copper  per  hour 
or  pounds  nor  dny,  and  an  eloctro-plfttor  in  the  ounces  of  silver 
oorrwpondiiifi;  to  tln-m.  Thon  gulvanomotora  oonid  be  graduated 
in  thosp  units,  as  I  have  long  dono,  and  with  one  controlling 
each  onoratioii,  the  workman  would  understand  what  was  going 
on,  and  gu<««-work  would  be  converted  into  exact  knowledge. 
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728.  Although  dectro- metal iurgy  is  a  pnroly  prurtical  art, 
ftiia  its  sHoceesfitl  jintuticu  may  bu  uoo»aiiilisbod  with  a  very 
Rinnll  modtcutu  of  Huieiioc,  this  is  true  (iiifyof  th«  factory;  to 
Icjirii  it  from  buulca  aiiil  Kdlitary  practice,  anil  in  nny  case  to 
li-iirn  it  iutelligently  and  tu  pass  lieyimd  thu  ntngo  of  mere 
'■  nilo  of  thumli,"  it  in  Xtvceeinry  ta  olenrly  iinilcietADd  the 
{iriiiciples  iu  opuritUun,  aud  the  toriuB  niM^si^nrily  cmpkiyed  in 
explaining  those  pniioijflcs;  and  refcreniis  will  Hu  niado,  wh«ro 
required,  tu  the  t-arlier  pagos  in  which  tlieHo  may  1>n  found. 
Far  this  r«iBon,  also,  if  aiiy  one  hujtee  to  leani  at  oncii  how  to 
rival  Elkiiigton  in  the  art  of  electro-plating,  or  oven,  having 
got  a  Smee  cell  and  half  a  pint  of  gilding  Kolulion,  to  at  oiicu 
proceed  t<)  gild  his  watoh-case  or  chain,  he  may  aa  well  roHign 
bimHelf  to  dieappointmeut;  he  must  go  ihraugh  an  apprvntico- 
ahip  by  firat  learning  thorouj^iily  huw  to  dejKHit  ouiijter  in  any 
required  condition  ;  thi§  ia  a  cheap  and  manuj^able  prooMa. 
and  alt  the  aeorets  of  electro- me tallurt,?  can  be  teamt  there, 
and,  once  nla8t•^^ed.  succeaa  in  the  othn'r  departments  ia  auuie<l, 
and  only  slight  inHtructious  hfl-  ueceasary  for  each  B|)cn&1  oaae. 

729.  The  first  thing  cBsential  to  be  considered  is  the  eourcv 
of  tlie  oun«nt  and  energy.  On  the  large  scale  that  would  uuw- 
a^ayi  certainly  bo  the  dynauio-machiue,  and  if  expected 
naden  were  mainly  inti'nt  on  biisiueea  oousiderations  it  uitt;ht 
be  well  to  begin  with  doscrihmg  the  various  kinds  uf  maohines 
obtainable.  But  addressing  rather  cxperimeulalistr>,  sttldeuts, 
and  general  readers,  who  may  often  be  quite  out  of  reach  of 
anything  but  wbnt  thoy  can  provide  for  themeelvea,  I  prefer  to 
meet  their  requirements.  But  the  principlca  are  the  snnie  for 
all  modes  of  working,  and  all  that  I  have  to  say  will  be  equally 
applicable  to  working  from  machines  ss  from  batleriea.  on  the 
manufacturing  scale,  as  in  tumblers.     The  cenerai  priuciploH. 

and  particulan  as  to  the  boutgo  em^lojed,  will  be  found  in  tbt* 
chaptifm  I'olntiiig  to  tlinni. 
^{o.  Tbo  ba^  of  iiU  kiiovt1wi%<i »  oi\«s't\TO«aV, a^  ^^fc  Nwrg 
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of  exporimont  is  oiaotmw;  »ni  this  Uttor  cAn  Iw 
obtaaii«d  onl^r  by  regular  mounramentB, »  mattor  mroly  ■tt«n(ili<d 
to  in  eleelro-mctallurgy.  It  is  impoariblo  to  nrg«  too  strungly 
alike  npon  tho  lenmer  and  th«  prBctical  oponitor,  the  ndviint«2D 
of  keeping  in  U)«  circnit  a  eoitablo  gii)ranomot«r,  which  will 
always  abow  whether  operations  are  going  on  properly,  cull 
attention  to  any  irrof^laritr.  an<t  meostirq  at  vwry  instant  the 
actaal  work  doing,  while  showing  the  effect  of  any  variation  in 
the  oonditiona.  In  this  way  the  work  iteolf  soon  teaches  tta 
laws.  For  moet  purposea  in  tnetallurgj' a  verticil  inslnimont 
iabvet,  as  explained  $164.  Forexporimenlal  tiiirpnxnH,  hi^wnrer. 
Hit}  instnimf^nt  $  }6t  is  ex preaely  adapted, and  gnlvaiiomoturM  to 
show  onrront  in  aniiH-rcs  are  now  easily  ohtuii-alih'. 

7lt.  The  principles  and  proceeaoe  of  cIwtro-m<rtallnrgj'  may 
be  clMufied  and  studied  under  several  distinct  hi'ails,  and  cgiind 
knowledge  van  be  obtained  moat  readily  by  carefully  distin- 
gnishing  these  heads.  The  more  process  of  removing  the 
Mventl  metals  from  their  solutions  is  a  part  of  the  general 
theory  of  electrolysis,  of  which  it  is  a  priictinal  anplioation ; 
tliat  theorytbenforoahotild  be  oarefultv  studied  in  Chapter  IX., 
BO  that  we  nay  ■eenro  the  metal  in  auon  oojidltiona  of  ooheaien, 
oolour,  &o^  as  we  diwire. 

•  ?]i.  There  are  two  diatiiiet  objecte  sought. 
[  (1}  To  fonn  a  frnili  objewt  in  luctal  wliiuh  is  to  have  a 
■eparata  exintcncci  uf  ita  own,  and  must,  therefurt!,  poiuieea  a 
certain  auhstaiice  and  alreuglh ;  thia  U  called  eluntro typing,  as 
forming  of  G<>ni>or  ptntex,  soliil  vessels,  duplioatiM  of  coins, 
niedala,  &c.,  una  divides  itxelf  into  thii  two  oaac's  of  deposits  on 
□wtals,  and  on  non-motalUu  models,  tlie  formation  of  which  has 
to  be  nnderuken. 

(1)  The  newly  formed  metal  edhorea  to  that  on  which  it  is 
placed,  and  which  it  beauliliei',  or  protucU  from  atmosidierio 
and  other  influenced.      Ihis  in  oalU-d  eltelrtf plating. 

73J,  This  claHHifleation  would  apjHuir  to  be  the  really  im- 
portant one,  bui  tbia  is  not  tlte  caae ;  for  the  result  is  simply  a 
detail  of  the  fir«t  bead  in  the  next  olassiflostion  to  be  coo- 
aide  rod. 

(l)  The  preparing  of  the  object  to  be  deposited  upon,  includ- 
ing monlding,  eleauing,  &c. 

{3)  The  actual  deposition ;  selection  and  making  of  the  re- 
quired solutions,  and  regulHling  the  eleotrioal  energy  for  the  doe 
perfomiauoc  of  tb«  required  work. 

(j)  The  finishing  off  tlie  completed  work. 

a/ip  tint  and  ImI  of  thwo  are  in  tVo  tLft!vii  TMsfituscwsi*. 
ofontioBa,  and  may  be  oonsiderfid  togoVboit. 
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734-  The  Pbepakatios  of  the  Objects. — The  6rBt  question 
is:  Do  W6  require  an  adherent  deposit,  a  Buper£cial  plating ; 
or  do  «re  wish  a  removable  coating,  an  electrotype?  The  finst 
cau  only  be  obtained  upon  a  nietalHo  Burface,  and  that  a  metal 
not  aated  upon  by  the  eidution  to  be  naed  ;  thus  it  in  in  vain 
that  we  may  try  to  get  a  coating  of  copper  on  an  object  of  jiiio 
ov  iron  in  a  solution  of  eulphatc  of  copper.  This  corner  under 
the  second  head,  however. 

7J^.  To  obtain  nn  ailherenl  depo»it  there  is  one  OBBential — 
oleiLiilitiess.  And  this  means  the  perfection  of  fhat  virtue,  not 
Buoli  eli^uuness  merely  as  will  satisfy  a  scullery-raaid,  or  even 
her  mistresB,  us  to  the  plates  and  dishes,  but  chemical  cluaiinesa, 
the  absolute  ahsenco  of  any  foreign  matter  wliatover,  as  smch 
mattur,  fiowevur  clean  to  ordinary  ideaa,  is  iiir(,  as  Lonl  Palmer- 
ston  defined  it,  matt«r  in  the  wrong  place.  Thiia,  a  piece  of 
silver  or  gold  taken  off  a  shelf,  however  bright  and  clean  it  may 
look,  would  uot  tiilee  an  adherent  coat  if  put  into  a  copjiering  or 
silvering  cell  and  deposited  upon  ;  on  burnishing  it  probably, 
on  heating  it  eurtainly,  the  ooating  would  blister  and  strip. 
1'he  reasoQ  U  that  every  substance  has  a  film  of  air  closely 
attached  to  it,  and  the  deposited  metal  forms  ou  this  film  and 
not  iu  molecular  contact  with  the  metallic  surface ;  thus,  in  the 
caae  considered,  the  air,  however  pure  it  may  be,  is  dirt — i.e.  it 
is  in  the  wrong  nlaoe,  between  two  eurfacos  we  want  to  bo 
themselvoe  in  absolute  molecular  contact. 

7)6.  If  a  surfaco  has  been  cleaned  to  perfection,  and  it  be 
touched  with  a  dry  finger,  ou  tliat  spot  the  deposit  will  bo  non- 
adherent, and  in  many  cases,  if  cleaned  by  lii]uid  proccetics,  oven 
a  momentary-  exposure  to  air  will  cause  the  lonn&tion  of  a  film 
of  oxide,  life.,  which,  infinitesimal  and  even  imdicoovonblo  aa  it 
may  be,  will  still  prevent  adherence;  so  that  it  is  of  vxlremo 
importance  to  understand  what  is  meant  by  chemically  clean, 
and  how  to  secure  that  condition,  if  it  ia  desired  to  avoid  tlio 
most  mortifying  disappointments. 

1J7.  If  we  desire  a  non-adhcrtnt  removable  deposit,  wo  requiro  1 
ordinary  cIcanlinesB.  the  removal  of  extranooaa  dirt,  but  wo' 
must  avoid  absolute  cle«nneas,  S  7;o. 

7)6.  Articles  may  be  cleaned  either  by  dry  or  wet  proceosea, 
thu  first  consists  mainly  of  brushing  with  the  aid  of  poliahil 
mntvrials — fine  silver  sand,  emery, tripoli,  whitine  end  ronga —  j 
according  to  the  nature  of  the  article.  It  should  bo  obwrred 
hero  that  whatever  condition  wo  desire  in  the  finished  article 
^1!  must  produce  iu  the  object  before  commencing  dcpotution : 

right  parU  should  be  burnished,  and  all  roughness  of  work-  , 
aana}tip  smoothed  off,  and  &U  file  marks  and  soratchea  onrufully 
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remoTci].  Btit  for  adherent  ooatin|i;B  absoluto  fiTiiehed  ]H)1Uh  U 
not  deaira1)l«,  and  white  it  is  proper  to  bnrnisti  the  rcijuired 
part«  so  aa  to  K'^<^  *  oloae  finish,  yet  before  actual  dei>o8itiun 
thiH  buruiah  should  bo  sligUtly  n>moved.  as  perfect  adltereuoc 
ia  leaa  eaay  to  obtain  on  an  absolutely  smooth  sarfao^;  au 
ioat&nt's  dipping  in  atronf;  aoid  ia  enough  to  give  the  bnniiahod 
Mtrfiue  the  capacity  of  adherence  witnout  deteriorating  froiu 
the  beauty  of  biiah. 

759-  There  is  reason  to  auppoce  that  the  deposit  is  not  merely 
a  OOneROD  of  two  distinct  auHaccs,  but  that  too  deposited  metal 
pen«trfet«B  lo  acmie  depth  within  the  surface  and  fonnd  a  ]:<arlial 
attoy  or  chemical  union  :  the  hard  biimishcl  surfnco  would  tend 
to  resiat  this,  while  tho  open  gtanulntoil  siirfaci'  Icfl  by  the  add 
would  facilitate  the  union. 

7<ia  The  beat  Lleauinf;  and  polinhinc  appaxntiis  is  in  the  form 
of  cucolar  brushes  mounted  njwn  n  Intho ;  in  factories  this  ia 
»lwfty«employod  in  the  form  of  tho  ecmtch-brush  lalho.arou^^b 
affair  driven  by  etcam  or  by  a  oommon  troadio,  with  fittings  to 
supply  a  constant  drip  of  various  liquids  found  to  bcilitato  the 
■lOttOD,  Knob  ax  Hiwp  nnd  watur,  stale  alo,  A'o.  Amutuura  who 
hkvA  no  latho  employ  common  hand  bnifhcM  of  briotlcH  <if 
TkriouM  dogrcoH  of  atill'imsa;  for  thd  hardur  work  of  cltuuiiug, 
the  wiro  "  card  "  i«  very  usL-ful ;  uud  fur  tho  more  dclicutu  work 
flontoli- brushes  nrn  eniployod,  in  tho  form  of  bundlua  of  very 
fin<i  wire  l>ound  round  with  stronger  wiro  which  is  uurol1«d  as 
the  wires  wear  down.  The  same  sort  of  bruiihirM  are  um]>loyL'd 
in  finiahing  off  the  articles  after  deposition.  TheHe  mnttutM 
lx.'ing  pnrelv  mechanical  and  self-obvious  to  any  one  aftetr  a 
little  praotioe,  it  ia  not  nccoMury  to  gu  further  into  dt^tuil 
al>out  them.  For  the  ronghi:r  work  emery  has  now  come  iulu 
much  uwe:  a  disc  of  wocid  filtvd  to  run  in  a  Uthe,  itn  ud^o 
provided  with  a  leather  Burfiice  to  vfhich  emery  is  attached  by 
good  tbiii  glue,  doeH  on  wl'II  as  expensive  discs,  and  a  atill  more 
ineful  ammj^rment  is  a  lung  titrip  of  leather,  like  a  driving 
band,  coated  in  a  similar  manner,  and  driven  at  a  high  sjieed. 
Fi>lii>hi:ig  bniHhcw  are  alHu  made  of  strips  of  calico,  &o.,  attached 
to  a  disc  and  run  at  siicb  u  ^peed  tliat  the  so-called  centrifugal 
force  maken  the  flying  ends  act  very  effectively. 

741.  Many  melallic  suluitaiices  it  is advantajjeous  to  heat  and 
idange  into  aciiln  ;  but  this  must  not  he  done  with  objects  which 
»re  Soldered,  or  wln>»u  tiiuiiier  or  hardness  it  is  necessary  to  pre- 
serve. Ab  a  rule,  the  fiiut  tiling  to  bo  done  (where  this  heating 
i*  inappUoahle)  ia  to  remove  the  greasy  films  which  most  objects 
acquire  either  in  uae  or  oourse  of  manufacture :  this  is  effected 
hy  boiling  and  rubbing  tu  a  solution  of  caustic  soda,  made  by 


Wiling  a1)onl  i  lbs.  of  oommon  aodft  cnysUls  witli  milk  of  \iia«, 
produced  hy  Hlakiiig  ^  lb.  of  quicklime  witli  hot  water  and  well 
Btirring;  this  will  produce  a  gallon  of  xutlalilo  solution,  from 
which  it  is  not  ueooftsary  to  remove  the  viirlionate  of  limo 
formed,  n«  it  will  aaaii^t  in  thu  cluaning.  The  boiling  niuttt  be 
effected  in  an  iron  pot,  not  tinuud,  as  lin  would  lie  dissolved 
and  deposited  uijou  objects  afterwai-ds.  After  this  allcalinu  Iwth 
the  objects  should  be  well  washed  in  several  waters  or  under  a 
running  stream.  They  are  next  cleaned  in  itoids,  and  again 
very  carefully  washed  before  passing  into  the  depositing  vensel ; 
but  this  8ta>;e  retiuirea  a  cUasified  oonnidoration  baaed  oh  the 
Hcverul  motatH  of  which  they  are  composed. 

Silver  may  be  washed  in  dilute  nilric  acid,  then  dipped  in 
strong  nitric  acid  for  an  instant  and  washed.  It  will  reqnirtt 
no  further  treatment.  There  must  be  no  hydrochlorio  acid  or 
chlorine  aalta  present. 

742.  Ciij>]tfr,  br<iM,  and  Gfrman-sitver  are  immersed  in  »  piokl« 
oom[>OHed  of  water.  100  parls;  oil  of  vitriol,  100  parts;  uitrio 
aoid,  spoeiftc  gravity  i  •  j,  jo  parts ;  hydrochlorio  acid,  2  parta. 

The  nitric  ucid  id  of  the  strength  sold  as  double  aquafortis. 
An  acid  prepared  for  tho  purpose  is  sold  fts  "  dipping  acid." 
Two  Tosacls  should  bo  ompfc^yod  for  this  acid ;  one  &eea,  for  a 
final  dip  of  an  InBtant  or  two,  and  one  partly  spent,  in  whiob 
the  principal  cleaning  is  ofTocted.  If  tnere  arc  green  spota 
of  T«rdigns  on  the  object,  these  should  first  be  removed  by 
rubbing  with  hydrochloric  aoid. 

74}.  For  coppering,  this  cleaning  would  bo  enough  ;  but  fur 
silvering  and  gilding,  it  is  bettor  to  coat  the  surface  with  a 
thin  film  of  mercury.  Dissolve  t  ok.  of  mercury  in  nitric  Mad 
with  J  pnriM  of  water,  and  dilute  to  1  gallon  ;  a  grey  cociting 
will  form  on  the  olijccl*  dipped  in  this,  which,  on  brushing 
softly,  (jives  pliiCR  to  a  brilliant  coating  of  mercury  ;  the  object 
Hhonld  1)0  trans f'TTod  to  the  depoxiting  cell  the  instant  thiaia 
obtained,  othei-wiHo  it  soon  tHrnisheti,  and  will  require  fresh 
prepirittion.  There  should  hv  a  little  free  nitric  acid  in  this 
moroury  solution,  and  whenever  there  forms  a  black  depoiut 
Koraowhat  Adhering,  the  moroniy  is  becoming  exhausted.  Solder, 
lead  edge«,  Ac,  give  much  trouble,  as  it  is  very  hard  to  prevent 
a  black  lino  forming  at  the  junction,  which  preventa  silver 
taking  ;  the  romcly  is  to  first  coat  them  with  copper ;  to  a  soft 
briisb  (camclVbair  pencil),  tie  ono  or  two  thin  iron  wires,  so 
Jjent  that  the  points  cUwdy  follow  that  of  the  brush,  which  is 
I  iodi/jped  in  a  weak  siduUon  of  niti»toof<jo^^r, prepared  bv 
^molviag  the  metal  in  weak  mttio  »cA4  •,  A«l-w  \Xi,b  ■smv'NiTO&i 
er  thv  suidur,  the  iron  t-imc\uug  it.  -,  fcTowiVvon  w  wi\.  ^xY■.■«V\^i^. 


nilEPlBUlO  OLD  WOBX.  819 

liCBBSM  the  oopper  hi  bu  {IcjiiiHitod  Id  k  thin  adhenot  film,  od 
^irhioh  tbe  «]«otric  dcpimit  will  fix  itnult 

744.  Jtritannia  mtlal,  peieltr,  tin,  and  Uad  should  not  bo  dipped 
is  tlioKcid  pickle,  Init  ritiimcl  iii  11  frtdb  oaufltic  soda  or  potull 
^Baolntion,  and  tratiHliirn^  iit  oitcu  (wilboul  pxaaing  iuto  WKtar)  i 
^^nto  tho  Kiilutiuii  fur  Nilvi-riiig.     Tiiti  rvuAou  \»  that  tbe  oxidM 
^Vof  tin    and    lend    nru    tKiluliTu   in    cauaiio  ulkalies,    while  tba 
^H  pTodnot*  of  the  iu;ti[>n  <if  iu;i<Iii  aru  not  doltililti  tu  water. 
^1     74;.  Iron  a>wl  i-t/xl  tim  nuakiHl  in  a  Hulution  uf  i  lb.  of  oi)  of 
^'Titnol  in  a  gullim  of  watiT,  with  a  Ultlii  liydroehloric  and 
citric  uuida  ■ddw].     Ciuit  inm  nHjuii^a  aomi-wbat  Btron(;er  solu- 
tions and  very  oiimfiil  rubliiug  with  saud,  &c.     Steel,  on  the 
other  hMid,  rwitiireK    wi-aker   txdiitioiiH.      They  may  oftan  bo 

Ioffi»otii«lly  and  8])tHNlily  oluuni'd  by  trenting  tbi^m  aa  anodoa  in 
^tlii*  volution,  using  ii  \i\\\U^  uf  <!0|);ier  as  a  cutUodc. 
746.  Zine.  may  lie  triuli'd  iiiinifaily,  but  it  iadi-Hirable  to  finish 
with  %  diji  iiitd  Btn.iigi-r  mriiln  bLrfore  llie  final  washing.  Most 
cif  the  French  "  bronwiii "  aru  made  of  zine.  and  some  do  w«ll 
for  ai)v«riiig  on.  In  thctm  laat  cases  no  copper  or  other  motab 
B})ould  be  dipped  in  the  Wths,  and  euldcrod  Joint*  nin»t  ba 
tra*ted  aa  deacrihed  above. 

These  latter  oIhbboh  rerjuire  special  proparatioiin  Aiid  treat* 
meDt  in  the  deponitin);;  baths,  but  the  same  claiwificution  applio 
there,  and  the  details  will  bio  given  when  treating  of  the  de- 
poeitin^;  processca  tbouiselvea. 

747.  ?HEPAHJ5«  Old  Work,— In  replatins  old  goods  it  i» 
Msentiol  that  the  former  silver,  Ao.,  should  oe  removed,  other- 
wise  a  black  line  forms  at  the  juiictioDS,  and  soiind  du]><jMit 
cannot  be  obtained.  In  factories,  this  is  usually  offeoled 
mechanioally  by  the  scratoh-brush.  with  the  aid  of  oil  aud 
ntteiwtono,  and  the  debris  are  collected  and  reduocl  to  recover 
tiw  metftls.    Tho  motals  may  also  be  removed  ohemimlly. 

(i)  To  nmuve  Gold. — Immerse  in  strong  nitric  acid,  and  add 
crystala  uf  oommi>ii  salt  -.  when  tho  acid  is  exhniiMti;(l,  bvujiorute 
to  diynMa,  and  fusi?  with  soda  or  potash  to  obtain  tint  gfAii. 

f»)  To  wrmnw  Sihrr. — Iminorso  in  undilnt^  oil  of  vitriol, 
•da  crystals  of  nitrate  of  potash  (tuiltpetro),  and  hoiit.  This  may 
faodono  in  a  copper  vessel.  VV'hon  spent,  dilutv  lnr>;i;ly,  and 
throw  down  the  silver  with  scraps  of  sine,  or  ax  uliloridi',  by 
otlding  hydrochloric  acid.  Tho  silver  may  be  rocoverud  from 
this  by  fusing  with  cnrbonato  of  soila.  or  by  mixing  with  rino 
catlings  and  snlphnrio  add.  This  process  can  bu  n««d  with 
copper,  German-silver,  or  even  brass,  but  not  iron,  load,  or  its 
ailojni!  tbcmo  abonld  bo  placed  aa  anodoa  \u  w  tAXverant  wSwi>Inwo. 
tcAM  will  not  nft^ok  the  lower  mrtalH. 
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)  To  remove  Copper  from  silver,  boil  with  dilute  hydrochloric 


(^4)  To  rerrwi'fl  Tin  aiut  Lead. — A  hot  solution  of  perohloride 
of  iron  (jeweller'fl  rouge,  or  the  druggiBtfl'  carbonate  of  iron 
diaaolved  iu  hydroohlorio  aoid)  will  diaaolve  copper,  tin,  or  1ea«l 
without  attacking  silver  or  gold. 

748,  VEssELa. — For  all  the  foregoing  processes,  uo  better 
vessels  can  be  had  than  the  beet  hard  brown  earthenware ;  for 
small  articles,  a  kind  of  basket  is  made  of  this  inat«rial,  with 
handle  fur  dipping  and  shaking  about.  The  same  material 
is  available  for  the  plating  liquids  thenxselvea.  though  glass  is 
preferable  for  small  operations.  For  washing,  it  is  well  to 
anange  a  succession  of  Tessids  with  spouts,  or  slightly  inclined. 
at  such  a  level  below  oach  other  that  a  stream  of  witter  will 
flow  from  the  hiffheBt  to  the  lowest,  so  that  by  rapidly  passing 
the  object  from  tlio  lowest  u|iward8,  it  is  perfectly  cleaned;  for 
amateurs,  the  simjilest  plan  is  to  hold  them  under  a  water  tap, 
and  remove  them  in  a  pan  of  water  straight  to  the  ncit  stagei, 

74').  Connections. — All  objects  must  be  securely  cocmeoted 
electrically  witli  copper  wires.  Where  it  w  poMiblo  thcw 
should  ha  soldiired,  but  usually  the  connection  has  to  bn  one 
of  niuTo  uuntact :  for  large  objects,  several  wires  should  bo 
provided  ;  for  small  ones,  such  as  s])oons  or  fi>rks,  little  stirrupN 
of  No.  )o  or  }l  wire  are  best,  fixed  to  a  stouter  wire,  and  tlio 
points  of  contact  with  the  nbject  should  be  frequently  shifted, 
otherwise  it  wilt  be  defaced  by  a  murk  when  finished.  For 
this  reason,  the  wire  actually  iu  contact  with  tho  object  should 
always  be  as  small  us  possible,  though  it  may  be  fixed  to  a 
stouter  wire  at  a  sburt  distance.  These  connections  should  bo 
fixed  under  water,  and  with  the  hands  scrupulously  clean.  It 
is  an  advant^e  to  pu^  the  win-s  through  a  small  gloss  tnlio 
reaching  above  the  level  of  tlio  liquid,  so  as  to  check  dciKisit 
n]<ou  the  wire  itself.     For  connecting  uon-mc-tullio  objecta,  aoa 

5764- 

750.  KKMovim.E  Deposirs. — Elsctkotyi-es. — The  objectn  on 
which  these  are  to  be  formed  should  ha  luado  simply  clean  bjr 
the  removal  of  loose  dirt;  if  metallic,  they  should  tlieu  lie 
lightly  rubbed  over  with  a  tuft  of  cotton-wool  imjiatent-d  witli 
turpenUne,  witli  a  piece  of  l>eeswax  the  sixe  of  a  pi-a  ditsvlved 
to  Uie  quarter  pint ;  tliis,  wlien  dry,  n-ill  not  interfere  with  the 
deposit,  but  will  prevent  adhesion.  The  back  and  all  |>art8  not 
intended  to  be  dcfiusited  on  should  lie  covervd  with  varnish  or 
win  for  acid  solutiuus,  or  treated  as  dcscrilied,  S  76;. 
75/.  Moulds, — Many  objects \iasiilo>M  ii;wsKi\*A,w(A  «ayoft 
!giiiala  themeelvee  hat  uponcov^'***^^'^'^^^'^™"^'*^*'^^'*^''*"*^ 
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and  wmitt  jiulg«iuc»t  w  n«oiM)taTy  in  Mulocting  Ihu  bvat  matorUlH 
fur  tlifi  ^DTDuse :  vrv  ]mvo  lo  (MmHtdur  fi)  wLM  UkO  muteriul  of 
the  original  object  iit,  luul  {2)  tlie  maturml  wbioli  will  work  beat 
with  thtB,  and  tino  aiUt  tb«  (irooeM  of  ilejiouticiii  to  be  lutod ;  we 
must  not  tin  a  uateriul  which  might  tujure  the  uri^inul.  or  be 
aot«d  on  by  the  aolutioua,  thia  Utter  bchiji;  the  caae  with  all 
tvsiua,  war.  and  ateariue  iu  cyauide  solulioiia.  We  §hould 
re^rii  fint  the  objects  to  be  muiilded  from,  the  prooeeses  being 
<x>n«idered  inthe  order  of  their  ait\'»iil«^e. 

^1)  MeUMic  «tj«cU,  mtiu  and  natak,  dk,  are  moulded  from  in 
ftuuMS  metal,  eattapercha  Hud  marine  elue,  plaster  of  Paris,  or 
compoeition ;  tEe  sariaoo  should  generally  be  rubbed  with  swoot 
oil  to  prorent  adhesioD :  or  if  it  is  not  objcctionuble,  they  may 
be  well  polished  with  plnnibai^o. 

(i)  Flatter  tail*  may  bo  monlded  from  in  plaster,  in  whidi 
owe  Ibey  must  bo  rendered  perfect  non-abHorbaat  by  tho 
DHane  dceoribed  $  7^4 ;  they  may  also  be  copied  In  compoaittcin, 
in  which  case  thoy  most  not  be  so  prepared,  or  tho  object  and 
moold  will  adhere,  bat  must  bo  so  saturated  with  water  tliat 
the  surface  in  moint  but  not  wot,  at  which  stage  the  oompoeitiun 

I  can  be  poured  on. 
I  (l)  ""^  ^^  tttlphur  may  be  monlded  from  in  plaster. 
751.  PuaiRLR  Mici'At  Oil  CLtOuiUt. — This  maUjrial  lias  the 
adTKntage  of  ri»tiiriti^  no  preparation  to  render  it  oi^ndncting, 
and  is  oanDCOtecl  by  simply  proming  a  heated  tinn<»l  wire  on 
any  snitable  opot,  and  protecting  by  varnish  the  parts  not  to  bo 
depoailud  on.  The  principal  ohioction  to  Its  use  is  the  dearnusa 
of  Inainuth,  to  which  tho  ready  fiteihility  is  due.  The  mixtures 
noat  avulablo  are : 


Lmil. 

Tin. 

AntiiDMif.  Bidnnth. 
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IjBetols  are  mL-ltcnl  and  addetl  in  the  order  ahown,  Ktimd*^ 

^Bther,  ami  gramihitL-d  by  pimrinjc  gently  into  wator*^ 

lie  ulliiy  ahould  bu  nitiHed  and  grunulatiid  two  or  three  timee 

'  to  iuHiini  complete  mixture.    The  viJue  of  these  bismuth  alloys 

nrisoit  (rum  their  aasuitiiug  a  pnsty  condition  before  setting,  and 

:  expanding  in  cooling,  thus  taking  a  \'ery  sharp  impressiou.    A 

I  ainall  paper  ciute,  suoh  as  a  pillbox  cover,  a  little  larger  than 

'jo  meilM  to  ho  oopiod,  is  slighUy  (Mqi\,  Ktv\  v.tx^StciKxi.i.  ^c-dcutj^ 

Ihx  is  poured  in;  it  is  thenplocftdona  Wb\'6,«a4.».'w.Ti«A.-«\'0^ 
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n  picvu  of  card  till  it  becnmoH  pnety  ;  its  Barf«oo  i»  thi>n  lightly 
Bwvpt  fieo  of  any  oxido,  by  potwing  the  cdgo  of  h  tard  ovor  it, 
anil  iho  medal,  which  «liotilij  Iw  nttache<1  t»  n  holder,  is  bronght 
HliHrply  and  firmly  down  upon  tho  metal,  pressed  till  it  set), 
and  lelt  till  cool. 

Speneei  X*tat,  whicl)  li  an  cneily  fusible  met«llio  BulphidOi  is 
an  excellent  matorinl  for  taking  osisi*,  and  the  prooem  is  Torj 
similar  to  that  with  fiisiblo  niutti]. 

753.  GuTTAi'Et!cri \  is  a  guod  moulding  matorial,  and  t&kee 
blai^klead  v«iy  ro-adily;  but  aa  it  shrinks  in  cooling,  it  mast 
not  be  need  to  eurround  nny  object,  aa  it  would  not  bo  roniovable 
without  injury ;  fur  the  same  reiisnu  it  roquiroe  to  bo  kept  under 
strong  pressure  until  cold  ;  it  is,  thereftjro,  boet  mlnptcd  to  flat 
objects.  It  should  be  well  euftened  in  l>oil)ng  water,  worked 
together  in  cool  wiiter,  ami  again  heated  to  boiling  tompcrature 
and  farmed  into  11  bull,  whioh,  being  Bpplied  to  tho  middle  of 
the  surface,  is  worked  ont  in  till  dircetii-iis  eo  as  to  prevent  any 
air  being  enclosed  ;  us  soon  as  the  whole  is  evenly  wvercd.  it 
should  be  put  under  a  weight  to  cool,  for  which  purpose  a  copying 

Ereiw  answers  perfectly.  For  Urge  suriauw*  sheets  imiv  be  iuknI, 
ut  they  must  be  nt:w,  as  gutta|jei'ehii  oxidizes  and  form*  « 
hard  Hurfuoti,  which  would  break  up  and  deface  Llie  mould. 
Thuy  should  be  warmed,  one  edge  brought  carefully  in  oonlact, 
and  the  sheet  gradually  lowered  while  an  assistant  pmsees  it  nn 
to  the  object.  A  mixture  of  two  parts  ()f  guttapercha  luelted, 
and  one  part  marine  glue  added,  is  in  some  inspects  Bup«srior  to 
cuttapercha  ulune.  Tho  glue,  which  bos  many  uses,  is  bent 
boui;ht,  as  it  is  troublesome  to  make;  it  consists  of  1  lb. 
oaoutuhonu,  soaked  for  twelve  dayn  (till  diesotved^  in  four 
gallons  of  coui  naphtha;  to  each  pound  of  this  liquid  two 
pouncis  of  ethellac  are  a<lded,  and  heated  in  a  closed  vessel  till 
incorporated.  For  guttapercha  moulds  the  objects  ehould  bo 
lightly  oiled  to  prevent  adhesion.  Quttaperoha  ia  not  suitablo 
for  use  with  cyanide  solations.  either  as  moulds  or  fur  lining 
of  cells,  as  it  is  slowly  acted  upon. 


ahuuld  be  fiesh,  and  it  is  best  to  warm  it  before  use,  in  an  uvea 
or  over  a  fire,  till  it  bubbles  slightly ;  *  it  should   thoa   be 

*  A  T«rT  ouriou*  phenomvaoB  ocean  during  Ihi*  holiog  of  plutcr  mi  amy 
ttponcn;  Ihcjr  a«auiii*  *  oonditiDn  li'kv  ttuidit;',  and  mnjr  b>  ittrTcd  lib* 

lUft  tame  aUribut*  lhl>  la  electit&e&lion  kni  niAail  tccuVitoa  oC  tiia  mol*- 
butl  Uiiak  it  iidusnmiily  lo  ihi  vtvuii'uni  of  \^t»  tiW  nl  ite^vVtuehisMk 
parUela,atia  §  7J5,  iod  whitli  ttlnnQ»lj'lt*»twt4\»  vu&mVwjwutMa. 
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(Iroppwl  lightly  into  »  rcsaol  of  water,  tho  oxcoos  of  wator 
jxHirod  uS,  Bitil  thv  matorinl  workci,!  np  to  u  ])a«t«.  Thu  objeot 
to  ba  oopiod  i»  oikd,  and  if  llitt  is  plftoed  in  n  framo  and  oovorod 
with  tha  plutar,  brttshttd  in  to  «eciir«  fiyodom  from  biibbloa, 
Knd  thon  plastor  i«  {KXircd  over  till  sufliciontly  thick.  It 
should  be  ftllowod  to  not  thoroughtr  b<iforo  romoval,  and  thea 
bakvd  gently  to  niaiove  moisture  It  must  be  saturated  with  a 
TOflwting  modi  am— tallow,  steartno,  or  parullin  ;  the  twst  plan  is 
to  pliu»  tho  Riotild  with  its  fnoc  upwards  in  a  rcssot  containing 
«  littlo  of  tho  nu)lt«d  subxtntico,  and  boat  till  tho  protecting 
■gcot  bos  bocn  drawn  to  tho  siirfiivo  by  capillary  action  ;  thou 
wftrm  the  mould  gently  to  romovo  any  oxccw,  and  allow  it 
to  oool  bofora  appUing  th«  plnmbagn.  .Somo  uso  boilod  oil, 
knt  it  require*  to  uo  tnoronghly  dried  bofuro  it  is  tnistod  in 
tho  Kiliition.  Moulds  woU  made  cnn  bv  r(!i>PJit«dlv  used,  and  the 
saturating  material  onn  bo  rooovorod  by  boiling  in  wator,  wheu 
tilt;  Eubstonuu  will  mult  nnd  form  a  film  on  tho  wator  when 
cold. 

75<.  Wax  Comixmitjon. — Many  niatorials  have  boon  reoom- 
meurloil :  the  ohjuul  of  the  mixturmi  in  tij  pivvvut  undue  iihrink- 
iug:  thtK ia  iiurtly  oflfoctod  by  additinti  iif  iiuwdura, such iw plaster 
of  Paria,  rod  uohre,  or  plumbugu  ({HiwiV-rod 


Miist*  in  pruduoiag«  quick  and  vvoa  coating. 


ito)t  which 
wttoixtoros 
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I 


lUein 


Btauino 


I 
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The  wuc  U  tho  yellow  beeswax,  and  tho  stMring  ndl  W  Ib; 
used  for  composition  candles.  Thoito  should  be  melted  togetim 
g«iitly  two  or  thruQ  times,  and  puuroil  on  th«  model  just  at  part 
of  the  material  begins  to  set,  nut  whilu  fluid.  The  obioct  is  to 
be  oiled  and  placed  iu  a  flat  reesul,  or  if  round,  us  a  com,  a  piece 
of  paper  Bhould  ho  tied  rouud  it ;  it  should  l>e  slightly  inolined 
when  the  mat«<riul  is  poured  on,  so  that  tliis  may  riso  steadily 
orer  the  BUrfaop,  and  drive  00*1111  iiir-bulililos  ;    whon  sot,  the 

Etper  band  is  ruinovud  and  thu  whole  allowed  to  cool  for  several 
OUTH  before  tho  mould  is  detuchud.  Stx  also  j  760. 
756,  Solid  Oiukct*.— Moulds  of  those  hare  to  bo  taken  ia 
two  separalQ  part*.  Tiiey  should  be  be-ddcd  Ui  half  their  dc])th 
in  fine  sand  or  ntlmr  puwder,  in  a  oaso  Urge  enough  for  the 
pur|HiH».  with  pegs  j>n>iectiug  from  thu  surfuci;  of  tho  sand  ;  the 
ZBoiildiog  niAtcrinl  is  then  poiirul  ou,  uw\  'vi^umt^^,\X\«><:»»*^Sak 
rovonod,  all  the  eand  removed,  tlio  BaTfw;:^  \.x\m.i£h«A  «a^\  '^'nr 
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tiiavA  to  provcDt  adhceiou,  and  material  is  poured  on  so  as  to 
iucto§e  the  object  entirely ;  when  cold  toe  two  halves  are 
BepHrated ;  dfipositB  may  bo  made  Upon  each  mould,  and  the 
edges  united  with  solder.  Some  objoots  may  require  more  th&a 
two  divieiouB  of  the  mould,  but  by  similar  means  (which  are,  ia 
fact,  the  ordinary  process  for  casting  metals)  any  complicated 
object  may  bo  copied. 

757.  Busts  ahh  Dhderodt  Objbcts. — The  latter  cannot  be 
moulded  from  direct.  Thoy  can  have  a  mould  taken  in  the 
elastic  material  next  described  ;  in  this  njfty  be  forrood,  of  wax 
CompoaitioTi,  a  ilnjdicftte  of  the  object,  from  which  again  a  mould 
may  be  made  of  nUster  and  the  wax  melted  out,  thus  pn>dncinK 
a  hollow  mould  which  will  be  necessarily  impervious,  and  in  vhid 
the  deposit  can  lie  effected.  Hollow  silver  vessels  have  been 
made  m  this  way,  by  depositing  n  c>)pper  coating  on  the  war 
duplicate,  which  being  melted  out,  silver  is  deposited  within 
thecopper,  which  is  then  dissolved  off  its  in  §  747  (j),  or  by 
malciDg  the  object  the  anode  in  sulphate  of  oopjier  solnlion. 

7jS,  ElaS'I'io  Mou  1.1)8.— Glue  is  soiiked  in  water  till  soft,  and 
then  m<.4tDd  in  a  water-bath  as  ueaal,  and  to  it  is  added  oo^ 
fimrtli  of  its  dry  weif^bt  of  treacle  ;  this  forma  an  elastio  corn* 
potdtiou  fluoh  as  printers'  rollers  are  made  of,  and  may  be  melt«d 
and  used  many  times.  The  model  is  plaoed  tn  a  vessel,  both 
duly  prepared  to  resist  adhesion ;  if  the  model  is  hollow  it  is 
filled  with  sand  and  a  stout  paper  pasted  over  the  opening,  and 
the  oomposition  poured  gently  over  it.  After  sbuidiiig  24  houn 
to  set,  tlie  whole  ia  shaken  out  and  a  sharp  clean  knife  run 
through  from  top  to  bottom  in  the  most  suitable  Hue,  wlieii  with 
care  the  mould  may  be  opened  and  the  model  withdrawn  ;  tlio 
mould  is  then  closed  and  a  stout  paper  cylinder  formed  around 
to  support  it.  This  mould  is,  of  course,  unfit  to  use  with  liquidji; 
ft  fresh  model  is  formed  within  it  of  some  mixture  of  wax,  do^ 
tlie  compijsitiou  of  which  is  intended  to  produce  a  matorlal 
wliiuh  will  tuke  a  good  cast,  and  will  also  melt  at  a  boat  whloh 
will  not  injure  the  mould,  fur  which  reason  also  it  should  bo 
pourml  in  just  when  it  begins  to  set,  not  when  just  melted.  I'^ual 
parts  of  beOHwaK  and  resin,  with  a  little  tallow  and  iwwderwl 

Eaphito,  may  be  used,  but  the  preparatiuu  desorilwd  S  760  ia 
St  for  forming  detiosits  direct  ujMm  the  muJel, 
Cielutiue,  I  part  dry,  and  glycerine  ;  partes,  are  roconuuendod 
tuatMid  of  glue  aud  treacle,  as  more  tenacious. 

759.  Elwttio  moulds  may  be  prepaj^  to  resist  the  acticm  of 

'iquiiLi,  by  adding  to  tlie  mixture, immediately  before  use,  about 

per  cent,  of  bi<^romate  of  potash,  or  the  mould  itself  may  bo 

Bood  for  It  minute  or  two  in  a  strong  solution  of  bichromate  of 
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potasb,  which  nikkm  gcUttno  inaoliil>Ia  when  ospoHLf)  to  «  strong 
fight.  Tbia  in  thi)  Imiusaf  tho  iihobif^phic  proooM  of  litho- 
^nphy  fliod  othor  mudoH  of  rvtinMiicing  tlrnwinga,  4cc. 

760.  liirkM's  mntorial  conHiHts  o{  5  IIm.  booawax,  and  f  Ibi. 
deer's  &t  moltod  gontly  togetbor,  with  6  os.  or  S  us.  of  Uto 
following  »nhition  MddiMl : — 

/'hxnAoriM  Solaliim. —  1  ])itrt  by  wctKbt  of  pboiiphoriiii  du- 
M>lv«fl  ID  I J  of  liunilpbiilti  uf  I'urlxin  :  tliiii  h*ii  tbu  nr<>pi;rty  of 
rodddna  Ditr«t«  of  xilTor  and  chloriilu  of  gold,  weak  wiluttoaa 
uf  whiob  Kro  to  bo  providud  and  omplo}'od  lut  ito«;nl>i;d  i  iCt. 

761.  Inkbots,  FijOWKRA,  Lace,  a»d  many  otbur  dolieatv  objeota, 
ORD  b«  Ktvaii  K  boaatifiil  mi-Utlliu  coating. 

(i)  ImmenM  in  anolutioii  compuMHl  nf  tli<^  pliottjihonui  solution 
(S  7£o),  to  whivb  id  nddod  (in  ]irojK)rtii:>n  to  i  lb.  of  gihutiphuTiw) 
I  In.  wax,  I  pint  Kpirita  of  tiir{>iiutin<',  and  2  im.  of  viuiutobouc 
dimotnH)  w^itb  1  lb.  of  aHpbiiltuin  in  bimilpbido  of  oarbun. 

(])  Inini(?rw!  in  Holntirin  uf  nilratu  of  Hilvtir  coiilaiiiiug  aliout 
1  dwt.  of  Kilvt^r  to  tho  pint.  Tho  olijvct  bUckeim,  when  it  i«  to 
W  nimorod  and  waiihoa ;  it  will  tiion  tuku  a  depoalt,  but  will  be 
im|irov«d  by  the  nuxl  solution. 

(j)  Immerse  in  aolutiou  of  chloride  of  gold  oontainint;  4 
grains  of  gold  to  tbo  pint 

The  object  should  be  flret  oareAilly  attaohed  to  the  oouueotiug 
wire  before  immersiaii,  and  waahed  by  gentle  ditiptng  into 
several  waters,  not  with  any  great  agitation,  aa  uie  metallio 
ooatlng  in  a  mere  nou-adhereut  duat.  By  this  prooeas  may  be 
made  the  most  beautiful  objects  to  bo  conceived,  by  careful 
•elMtion  of  feathered  KrassoH,  uTid  some  of  the  finer-leaved 
flowecs;  oo&tiug  with  ulver,  oopper,  aud  d'^^A,  and  produoiug 
dilbnnt  colours  on  these  metals,  which  should  of  course  bo  in 
veiy  thin  films ;  they  need,  however,  to  bo  put  under  a  glass 
shade  cemented  to  its  stand  so  as  to  he  air-tight. 

761.  Eleyanl  omamenU  may  be  made  also  hom  the  finer  Parian 
and  other  Mirthunware,  oorered  in  this  manner  and  variolated 
with  bright  aud  dull  parts  aud  colours,  But  the  best  mode  of 
depositing  mutuls  upou  gtau  or  earihentearf  is  to  have  gold  put 
npoo  theiu  by  tlie  unuat  proci^as  of  burning  in,  and  tb«n  de- 
poaitiu^  u|iou  this;  iu  this  way  mountings  can  be  attachad  to 
the  edges  of  vmisi'U,  ur  metallio  figures  built  up  as  oraamentSi 
first  iu  copper  aud  thuu  silvered  or  gilt  and  colourful  at  pleaBuro, 
Litattt,  Ac,  may  be  copied  by  taking  a  fiat  shoot  of  warmod 

Eittapercha,  dusting  over  with  gold  brouxo  or  line  plumbago, 
ying  on  the  leaves,  seaweed,  4a,  thou  covering  with  a  polished 
metal  plate,  and  soruwiug  up  in  a  press. 

76).  A  French  prooeas  is  said  to  be  used  which  would  bo 
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HutiBfaatciry  to  amateiirtt  having  a  garden,  and  wto  would  be 
glad  of  some  uae  for  slugs.  These  are  waahod,  left  to  soak  in 
distilled  wator,  then  boileil  slowly  and  the  solatioQ  filtered  ; 
the  proijortion  of  slugs  and  water  is  iiot  given,  but  3  per  cent, 
of  nitrate  of  silver  is  to  be  added  ;  this  solution,  heriaetioally 
closed  and  kept  iii  the  dark,  will  remain  good.  With  twice  itB 
bulk  of  water  added,  it  is  used  to  dip  delicate  objects  in; 
after  a  few  moments  they  are  dipped  into  a  >0  per  cent. 
solution  of  silver  nitrate,  and  then  exposed  to  sulphuretted 
hydrogen,  which  reduces  the  silver.  Possibly  slu^  might  be 
nsel'ul  iu  photugruphy  in  place  of  albumen. 

764.  C0NBUCT150  SuurAcE. — ^The  best  known  process  of  ren- 
dering tlie  surface  of  non-metallic  objects  conducting,  is  to  coal 
thetn  with  a  filni  of  plumbago  or  blacklead.  The  ordinary 
article  sold  for  household  uso  cannot  be  relied  on ;  it  is  best 
obtained  of  a  dealer  iu  eciontilic  apparatus,  bocatieo,  though 
they  charge  a  long  price  as  compared  with  the  common  article, 
a  little  also  goes  a  very  long  way,  and  much  trouble  is  sav^. 
Gas  carbon,  if  very  carefully  ground  iu  water,  answers  perfectly. 
The  connecting  wire  should  Iw  adjusted  to  thii  mould,  by 
imbedding  in  the  plaster,  or  in  other  maleriikla  by  wnnoing 
and  preesing  in,  and  groat  care  must  lie  tjiken   to  have  the 

Jilumbugo  film  in  contnct  with  this  wire.  In  large  mouliiU  it  ia 
esirable  to  arrange  the  eoudnotor  before  moulding,  and  to 
iHilder  ti>  it  (within  the  apace  to  bo  occupied  by  tlie  mould)  n 
number  of  fine  wires,  with  their  ends  touching  various  porta 
of  the  object,  selecting  points  not  likely  to  be  defaced,  and 
Dsiiecially  the  deepest  points  of  any  cavities ;  ttio  poiutA  of  theao 
wii'es  will  form  8>i  many  junctions  with  the  plumbago.  With 
medals,  &a.,  it  is  best  to  titke  a  wire  all  round  tne  circumference. 
Wires  may  lie  applied  during  the  first  period  of  depositing,  ao 
as  to  touch  the  finished  mould  on  ita  face  and  form  temporary 
oooniKtiong  which  are  to  he  taken  away  aa  soon  as  a  oompleto 
film  hue  foriucd  over  the  wholu  surface.  Such  wires  should  ba 
rendered  non-cond  noting,  except  at  the  points,  by  paintiug  orer 
with  varnish,  so  ilint  they  shall  not  take  deposit  themselvee. 
The  plumbugo  is  \Kist  applied  with  a  camel's-bair  brush,  working 
it  lightly  in,  aud  occasionally  breathing  lightly  on  the  suTfaoe  if 
the  iiowdiT  doos  not  readily  adhere  ;  where  there  is  obstinate  uon- 
ndheaion,  the  ajiot  may  be  held  for  an  imttaut  over  the  mouth  of  a 
lx(ttlecont«iiuiiigeipiTitHof  wine.  In  some  cases  plumbago  is  ua- 
wuitublf ,  itM  when  a  holluw  vessel  much  nndercnl  or  chafed  is  to 
bu  1  i|.l.  li;  in  this cuae  the  phosphoma solution  S7C0 may  boused. 
.Siitii:  luoommeud  placing  the  mould,  dusted  with  fine  iron 
filing  in  a  dilute  aoluiiou   of  sulphate  of  copper;  this  pre. 
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cipitakwalilinof  comiftr  mad,  whiohin  tolx-gontly  briinhdduvor 
tho  bUoUondod  eonaro  and  into  hollows  so  m  to  maka  it  Uun 
Ikjrer  of  copper,  npOD  wbich  the  dopoeit  formM. 

765.  Stoppintf  off. — Wberev«r  plumbago  hint  iiocid«nta]ly 
tovobd  mrte  not  mtonded  tobedopositedon.nml  aWi  in  mmlaf* 
whon  only  tho  boe  is  to  bo  oopira  nnd  ypt  thorn  ih  a  wiro  *]1 
round, oveiy  part  not  to  b9  depoHitixl  on  HhoiiM  l>o  cvitwl  witb 
auon-oondaotdng  film  ;  oithir  nwin  or  vfirnii<h  i>r  inultwl  wax 
willuMwer  in  kcid  »olutioD8,  but  parafKn  lhinn«<l  with  bonxutino 
ni*T  bo  grncrally  iisod. 

For  cyanidf  «nlu(iV.n«,  especially  wh«D  used  hot,  tho  very  best 
copal  viLrnixh,  with  a  little  roiigo  mixoil  with  it,  in  jirolwlily 
thu  bwit  Htoppiog.  But  a  composition  is  iisini  conHixting  of 
ol«ar  rctiin  10  parts,  bocswM  6,  red  soaling-WHX  4,  and  mint"  or 
orocUB  I  portfi,  all  of  the  very  best  quality  and  molted  together. 

^66.  iLkWS  Of  ELicrTHO-MBTALLUiuir. — The  gcneml  lawn  of  the 
el<iotrio  oircuit  studied  in  Chapter  VII.  govom  the  dupugit  of 
m«ta!M.  In  tbo  older  works  on  the  eubjeot,  two  tomis,  Quiuttitv 
Mid  hiUmsiiy,  wore  muoh  dwelt  on,  taxi  the  idoos  thun  nut  forth 
atill  reUiin  thdir  ground  and  cnuso  muuh    uonfnnion.     It  was 

rn  tht-ne  ideoit  thut  the  leuding  and  most  uri^nul  writer  upon 
subject,  Smoe.  litised  lits  tawi^ ;  and  in  ordor  to  derive  from 
tliese  txiiit  labonrH  wliiit  goml  they  can  now  funiinh,  and  then 
show  tiow  much  muie  odvantageons  are  the  rosulta  of  later 
koowlAd^,  I  will  now  cive  nn  iihstraot  of  Buiee's  own  ezperi- 
llMatoMld  the  law»  he  dtiduoed  t'r><ni  thum. 

li^.  Shee's  Laws.— When  n  motnllic  solution  is  Hubjected  to 
voltaio  aotion  tlie  melal  is  roliiixid,  hut  not  alwnyii  in  the  same 
Btat«.  If  we  dip  a  knifu  into  a  Holution  of  oop))er  Bulphat«, 
bright  copper  bt  de\MttiUrtl ;  but  if  wo  intmunio  a  piece  of  zino, 
the  copper  is  thrown  down  in  n  blaclt  powdery  mftss.  Again,  if 
zinc  is  immened  in  an  amniuniaonl  solution  of  copper  sulphate, 
the  metal  deponited  n  liri»ht,  while  iron  in  a  dilute  and  acid 
solution  of  the  eulphaio  reSuoeM  hlaek  uiotul.  Thouj^h  these  aro 
rimplo  cheinioal  actio  UK,  the  Biiiueiliver>>ity  of  deposit  is  obtained 
«lootrically.  If  we  take  a  sntumtod  aulutiou  of  cupper  sulphate 
and  pass  ihrough  it  a  feeble  ourrent.  crystalline  copper  is 
dopomted;  if  we  dilute  the  solution  with  Iwu,  three,  or  four 
timea  its  bulk  of  wuter,  the  metal  la  depouittd  in  a  flexible  oon- 
ditioD  (which  Smee  calls  "  regnline  ") :  on  dilution  to  a  very 
great  extent,  the  metal  deposits  as  a  fine  bluok  powder,  Uy 
pUcdng  in  a  tall  reastl  quietly,  so  that  tbi-y  du  not  mir,  a 
fltrong  solution,  then  a  weaker,  aud  lastly  wuter  with  traooe  of 
acid,  after  a  little  while  a  ]>erfect  gradation  of  strength  is  reached; 
and  if  two  copper  platee,  extending  through  all  the  strata,  are 
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OonntHTtcil  Ui  Dnn  galvAoio  cell,  the  varying  conditioiiK  will  pn>* 
diico  nil  thcBe  clnsses  of  <lc]ioeit  At  the  aaine  time  oii  a  Btnelv 
elcctrcidc — black  powder  at  top,  reKuliiie  nicUil  at  the  middle, 
ciystnlline  oipper  lit  the  buttom.  From  this  fact  thn  iwnc1ii«i<in 
is  to  Vio  drawn  tliat  the  textnru  of  tho  depraitdopeiids  n|>ou  tho 
strength  of  the  Bolnttoii.  Ajrain,  tiiking  ii  Bdltiliim  of  i-opfHir 
with  ncid  to  make  it  a  good  oi)iiductor,  and  ii^jnj^  first  a  vi-ry 
Bniftll  mdl,  then  two  or  threo  ordinary  uell«  aminged  in  Bcri(«, 
and  tli«n  it  sfrong  linttery,  we  get  with  thin  ohl-  solution,  fintt  it 
□rystulline,  then  meguline.  and  finally  a  Idaok  deposit ;  tihowing 
that  thi^  amount  of  idt-ctrioity  passing  aku  i^ontrols  thu  etitte 
of  tin;  clr.-pivgil.  Tlnirt-forii  "wo  are  furcoii  irresistibly  to  the 
r»nclusion  that  to  obUin  with  certainly  any  ]iarticitlar  metallia 
deposit,  we  must  rugiilate  the  galvanio  |jOwer  actDally  jianaing 
to  the  strength  of  tlie  motitUic  solution.  I'htd  ici  the  fanda- 
mentol  principle — the  very  esseuco,  in  fact,  of  " eleotro-motal* 
Inrgy."     ITcuce  art-  dorived  IhoHe  laws  :  — 

I.  Blafk  depoail  is  produced  when  the  cuneut  in  so  strong  aa 
compariHl  with  theetreiigth  of  the  Bolution,  that  bydrogeu  is 
set  free  at  the  nogativo  plate. 

II.  Cri/ttalliw  ■metal  is  deposited  when  the  cnrrent  is  bo  vreak 
OB  com  pared  with  the  solution,  that  there  ia  no  teudency  tO' 
•Tolve  nydrogen . 

III.  U«tale  aro  reduced  in  tho  ntQuthte  ttaia  wbeu  the  current 
so  halnncoB  tho  strength  of  tho  soliitiou  that  it  is  insufflcieut  to 
actually  set  gas  free,  but  produces  a  strong  teudency  thereto. 

There  are  also  two  forms  of  eryitaltine  (Jq>M»(— one  of  a  aandy 
loose  character,  due  to  deGdoncy  of  the  quantity  of  current  in  a 
strong  flolntion  ;  the  second  to  a  largo  [quantity  of  corrent  ba 
coinparcd  with  the  siz^  of  the  plato ;  thus,  by  using  a  Urgo 
anode  with  a  small  cattio<le  in  a  strong  solution,  largo  crj'stuS'A 
of  extreme  hardno«s  arc  prndnoril.  V 

768.  There  can  be  no  doulitthnt  Smoo,  by  sotting  forth  theee 
ideas,  did  much  towards  developing  electrc^mctnllorKy  j  yrt 
the^  arc  only  very  pnrtially  tru<^  Tno  experimental  utsea  are 
imperfecly  comprehended,  and  the  laws  deduced  aiu  incapable 
of  ctact  applicittioD. 

Any  one  who  has  maeterod  thd  relation  of  cnrront  to  tona 
and  resistanoe  will  see,  when  it  ia  ])ointed  out,  that  tho  fiinda* 
mental  experiment  in  fallacions;  for  though  the  same  battery 
and  etoctnides  arc  noting,  tlio  rat«  of  current  will  vary  at 
different  heighta,  and  no  ccrbiin  dednotinn  can  bo  made,  except 
tbia — of  sapromu  pmclical  im^tlaucw — that  stratjficatiou  of 
the  tiquitle  nhoiild  be  cateluUy  tii»\4«A  W  Ut;'\\\fatv\  uteAvi'^n.'^ 
/*  w  evident  that,  in  Buoh  ft  Btra%i&e4  wjWtitm  w  \»  iwst^wA^ 
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Moh  livyer  haa  dUFercnt  conditions  of  reeisUDCe  uid  eonnler 
E  U  P,  aod  thereforo  an  anc-ven  diatribntion  of  current  n-sulfs. 
760.  Strdiotb    of    l^oLinioN.  —  A Q    itistructivo    eiperimont 
mky  M  arrauffod,  which  does  rt>aily  sbow  thu  ri'Iation  of  dcijioEit 
to  titrengtli  of  aolntion,  by  pn:<paring  six  colls  containing— 

1.  Satnntod  •cJutioc  of  copper  Bolpbftte. 

„  „  »  I  part,  water  2  parts. 

tt  n  n  '  t*  4       tl 

9f  I*  II  I  I*  B  It 

i  parte,  water  i  part, 
vontiiiiiing  ^'nth  itti  volume  of  bulpliurio  add. 
I  part  of  Nti.  5.     Watt-r  i  part. 

These  being  arranged  in  sertea  by  iDcans  of  plates  of  copper 
I  X  I  inch,  coated  on  one  aido  with  puraffin,  nocowarilv  hiivo 
the  cnrrcot  equal  iu  all.  By  using  plat«s  of  thissize  the  relations 
of  current  to  ar«a  of  surfiUM)  are  also  atiidiod. 

In  auah  an  oxporimi;ut  I  I'ou&d  diflbronooe  Iu  tlie  quUtiw  of 
th«  ooppor  but  not  ua  in  Snioe's  exnurinieuts.  The  teaohinga 
ag  to  stxoDgth  of  wdutioti  and  lu  iulluunou  were  but  small,  for 
I  I  fiiuad  good  depoKits  iu  all,  with  great  ranges  of  current.  The 
I  tooohisg  as  to  qaalily  of  tmlution  was,  liuwevor,  important,  for 
in  nil  OiWi  the  deiioiul  in  No.  ;  was  by  fnr  the  best — bright 
oolourvd  nilky  Hurracu,  oven  in  thickiicnv,  and  tough  in  texture  ; 
Ko.  6  camo  next  and  No.  i  wiw  tho  wonit. 

770.  Thu  real  laws  of  electro-metallurgy  are  the  ordinary 
laws  of  the  current  known  as  Ohiu's  forinulie,  aud  those  of 

!     a  66}-4.     We  have  to  biklatiee  the  vultugo  of  the  sonroe  and 

'      tfa«  recistanoo  of  the  dejxiaiting  culls,  by  3ia  formula  E/B  =  0 

to  the  rate  orduposit  we  require,  and  we  must  regulate  the  drntilj/ 

of  the  current,  i  773,  by  the  size  of  surface  we  have  to  deposit 

upon  and  the  iiunlity  uf  metal  wo  wish  (u  proiluce. 

77 1 .  Eleeln/taotivc  /oree  ebould  Iw  kept  as  low  as  ia  oousiateiit 
wtlb  proper  npeod  of  working,  bccnusu  it  is  expenaive,  eapL-cially 
with  battericti,  and  injurious  if  ttx)  great.  Each  reaction  haa 
an  B  M  F  snitud  in  it ;  mure  is  wuste,  lieuiuse  instead  of  adding 
mUs  to  foroe  tlie  work,  wu  ought  to  correct  the  reaistanooa  to 
the  natural  oonditiuns  of  thu  work.  The  tiuestiou  of  oost  is  of 
less  moment  where  dynamo  machines  are  used,  but  tho  quality 
of  the  metal  and  its  colour  have  to  be  considered  :  with  machines, 
however,  we  have  gonornlly  provided  an  E  M  F  in  excess  in 
what  is  required,  and  tho  proooes  of  manugemont  oonsiats  of 
lowering  it,  nilbei  by  adding  resislaiwita  ot  \i^  ^>wi.^va^'J5, ' 

portioa  ot  llio  curreut. 
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773.  Tbi>  E  U  Fs  of  the  butteries  useful  for  «lectio-metalIurg}' 
are,  rougLly  aad  for  average  working, 


1.  Copper,  zinc,  iti  atdd        volt 

2,  Platinized  silver      „ 

}.  Daniell       „ 

4,  Nitric  acid  cells        , 


•J 

•s 

I" 
1-6 


k 


The  E  M  F's  required  for  deporiting  metals  arc  about : — 

1.  Copper      ..     volt       '5  to  1 

2.  Silver        „       I  - ;  „  3 

J.  Gilding '5  „  ; 

4.  Nickel      '7  „  i'5 

That  is  to  say,  l  Smoo  or  DAOiell  ia  enough  for  cop|>6ring,  i 
Smeea  or  1  Grove  for  silvering,  while  gilding  may  be  c'lTui^vH 
with  Iroiu  I  Smee  to  3  Grovos,  aecoi'ding  to  the  cunditiuns  of 
the  work  ;  providing  in  all  cases  power  is  not  wast^  by  ne«(l-  ■ 
le«B  reeistanoe,  bad  coDDections,  thin  wires,  Ac;  but  higher  ■ 
forces  are  required  to  obtain  quick  dofKwit*.  In  fact  the  real 
tost  in  all  cases  is  ibe  jiroduction  of  that  iteimty  of  curretit  wbioh 
espeneooe  proves  to  be  best  adapted  to  the  particular  soIutioD 
and  the  actual  work. 

77}.  BetUiancet  should  be  balanced  bo  as  to  be  about  equal  id 
battery  and  cell.  This  may  be  roughly  put  thus:  the  sur&oes 
exposed  of  zioc  and  negative  in  liattery.  of  object  aod  ftDode  in 
■tepositiug  cell,  shoald  all  Iiave  neurly  the  same  area  (eooept  in 
gilding).  The  resistanoe  may  he  greatly  varied  in  th«  depoalt- 
ing  cell  by  changes  in  size  nf  anode  and  distauoe  apart.  Thus 
it  will  U-  Bueti  in  $S  680--},  that  in  some  cosov  it  isverj-  dosiiable 
to  have  some  diwtunoe  between  the  plate  and  the  object,  which 
increases  resihtnnce. 

It  is  desirable,  howevor,  to  uen  liirco  plates  in  the  hnttvrv. 
because  large  vcUn  work  best ;  ikud  then  if  sniall  objocls  onfy 
are  lo  bo  degioiiiled  un,  external  ri'sistancc  (as  ft  length  of  wire) 
may  be  introduciHl,  enough  tu  rediioe  the  current  to  the  proper 

Jroporlion  ;  or  if  the  coustruetton  of  the  l>attory  permits,  tlt6 
istaucD  between  the  platt^s  (ur  that  in  the  cyu)  may  be  in- 
creased sufficiently  for  the  purpose,  or  a  smaller  anodv  may  be 
used,  though  this  is  often  d  i sail  van  tagcous. 

774.  The  most  convenient  regulator  ia  something  like  tba 

com  mutator  of  the  galvanometer,  S  }6i.     It  can  be  made  on  a 

board  abotit  18  inches  long ;  al  Ihu  cn\«  end  is  a  etrong  matal 

pillar  cunneoted  to  thc-t-o(  tW\*itUiv5,a.u4\ii».V\iMf,  %».vtwi 

apiiag  connoctod  to  its  uppot  yd-'A,  w^aoV  ttt-faxwa  a.  ■&■«»;«« 
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Rtuda  arranged  in  a  acmicircio  arounil  it:  from  (hem  a  wire 
be^nuiug  »t  No.  i  stuil  goc«  to  and  fro  aloDK  the  Loan],  lietw^en 
fog^  uid  the  several  Btuas.  ho  that  ««  the  a]inat^  travL-raea  the 
sttKis  it  inoreaaes  the  I^^ngth  of  wire  in  the  oiroQit :  the  win 
may  alaa  be  thinner  aa  it  longthena. 

775.  Dbssitt  of  CimRBNT. — Acrording  to  Ohm'a  formula  we 
can  calculate,  knowing  the  elemeuta,  the  ourrout  prixlueed  in 
anj  caac.  Thua  taking  1  Oauiell  ct^ll  aa  i  volt  force,  and 
a— Uiiiing  th<^  total  renrntance  aa  i  ohtu  iu  a  oirouit  in  vrhioh 
copper  ia  Iwiiig  depositwl,  we  have  i  aiupere  per  aeoond,  or  a 
currant  equal  to  atxjut  5  68  cheiuica  or  Kralti  ofjuiralentB  per 
ten  bourn,  whic}i  would  be  ahown  oa  the  galvaiiomober  (graduated 
as  iu  $  j6j:  either  unit  would  give  the  actual  weij^iit  of  any 
metal  per  hour  by  the  proper  e^uivaleiita  5  724,  but  iJie  oheuue 
givM  it  direct  in  gtaiua  per  hour  by  the  eleoiric  Miuivaleut. 

Thia  h  the  total  current,  and  it  is  evident  that  the  conditions 
of  the  deposit,  ihe  (juality  of  metal.  Ac.,  will  depend  wholly  ou 
tike  ettent  of  surfaoe  over  which  it  ia  spreed ;  on  a  Ittrgo  plate 
it  niebt  be  a  mere  film,  ou  a  wire  it  would  be  a  thick  coat. 
This  u  what  is  meant  by  deiuittf  of  curronf.  Now  there  \%  a 
relation  between  density  of  current  and  the  state  of  Maturation 
of  the  depositing  solutioD,  and  they  iDcrcoBO  together ;  the  more 
danae  our  current,  the  more  rapid  our  depoait  (not  from  the 
■oliition  or  total  deposit,  but  for  a  giren  urea),  the  atrongcr  our 
Bolntion  may  be,  and  must  be  (o  get  good  metal. 

776>.  The  reason  is  obvioua,  and  it  ia  the  aamo  that  I  frequently 
referred  to  in  dealing  with  batteiies.  The  aotion  takes  metal 
only  from  the  film  of  liquid  in  contact  with  the  object,  not 
from  the  bulk,  §718;  if  the  metal  is  removed  morn  quichly 
titan  mcro  diffusion  will  replace  it,  hgdrcgen  leitl  rome  off  mi'xra 
mth  the  metal,  and  a  rotten  deposit  results.  The  strong  Kolution 
defers  this,  and  permits  a  groAtcr  rate  of  dcpont ;  motion  in 
the  liquid  also  defen  it.  and  pcnniUi  groator  "  dt-usity  of  current " 
Bimply  hy  hringini;  fr««h  supplies  of  metal,  which  tends,  $701,  to 
aocnuiulate  round  the  anode. 

But  Tery  str^'Ug  solutions  have  drawbacks,  to  be  afterwards 
ooDsidereil ;  and  we  cannot  conveniently  alter  the  strength  of 
our  solutiona  continually.  We  mnat  aecorlain,  then,  what 
range  of  density  of  current  suite  our  solutions,  and  then  be 
careful  to  keep  the  oonditiona  within  that  range.  If  the 
density  of  current  be  too  great,  we  get  a  sandy  or  even  black 
powder  as  a  deposit ;  if  it  la  too  , alight,  we  get  a  crystalline 
brittle  deposit.  Happily,  the  range  is  conaider&ble  withm  which, 
good  ronalte  may  bo  ohlainod,  |  -jSl. 
777-  I'*'*  tbia  subject  it  raroly  txoattA  v^^o»>^'»'^»^"3  '•  *^ 
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fitetB  are  known  and  the  matter  la  looBely  described  in  works  on 
the  etibjeot :  lint  until  U  was  fully  ^unc  into  in  thin  work,  no 
definite  informiition  waa  given,  t^cause  no  definite  ideas  had 
been  formed.  The  unit  of  "  density  of  cnrrent,"  first  proposed 
here,  wiw  "  one  r.hemio  jier  sqnaie  inch  " ;  it  is  the  most  oon- 
Tcniont  and  natural  unit,  but  while  (S  170)  tho  ehemicisthe  Wt 
unit  to  eiliibit  jirindjiln,  the  ampere  is  accepted  and  in  general 
use,  and  must  be  iiacHl  for  ]jractioal  applications.  Therefore 
tho  niost  practical  unit  ia  "  one  ampere  per  square  foot,"  which 
ia  about  X  of  my  old  tmit. 

77S.  The  object  of  hai'iug  a  galvanometer  in  circuit  will  now 
bo  seen,  as  well  as  tho  special  advantage  of  the  forms,  S  )6i,  or 
others  gracltiated  in  actual  units.  Any  galvanometer  will  show 
if  all  in  going  on  right,  hut  tht-so  show  at  a  glanc«s  Qot  only  the 
tola!  work  doing,  but  will  tell  ua  the  quality  of  met«l  depositing, 
and  enable  us  to  regulate  the  oouditiona  to  prodnoe  the  effect  we 
desire. 

779.  Tension,  pretsnre,  or  voltage  now  explain  tho  effects  formerly 
attributed  to  "  iuteneity."  We  are  ooDcemed  with  Oieai  at 
present  chiefly  as  part  of  the  conditions  for  maintaining  tho 
requisite  current.  Knt  they  have  also  another  bearing  to 
which  little  attention  has  yet  bc«n  paid.  As  seen  S  665,  tho 
oloctroilcs  act  as  condense r-platct4,  and  the  nioleoules  in  contact 
with  them  will  nocossarily  bo  under  different  conditions  ao- 
cordinc  to  the  stresses  to  which  they  are  subject,  which  depend 
upon  the  E  M  F  of  the  circuit,  tlie  rcsistaoco  bctweon  tho  plates, 
and  tho  {jidportion  this  bears  to  the  total  resistance  of  tho 
circuit.  The  rocuiting  effect  of  high  tension  at  the  electrodes 
(that  is  to  say.  of  a  p'eat  distance  or  rcsislanc*  between  thoin, 
overcome  by  using  high  E  M  F)  isa  deposit  of  hard  metAl ;  !ow 
tension  produces  n  softer  metal,  and  this  difference  ia  due  to  tho 
Diolecuhir  conditions  existing  at  the  electrodes  theroselvos  ;  for 
uti  other  conditions,  such  as  gtrmglh  of  current  or  rat«  of  deposit, 
nud  d/-iml!/  of  cunenl,  or  siae  of  tho  electrodes,  may  remain  tho 
same,  while  the  varying  hardness  of  deposit  Is  controll»d  by  the 
difference  of  tensions.     I  have  used  the  word  tonuon  hero  in  n 

SQOral  sense  rather  than  tho  special  one  of  $  90.  Hero  1  moan 
at  active  stress  which  accompanies  a  large  E  H  F  between 
(As  (uo  fl«ctro<{t»,  and  is  exerUd  upon  tho  molecules  of  the  polar 
chains.  The  chemical  effects  of  this  are  explained  i  699 :  hora 
we  are  considei'inj^  rather  a  mechanical  effect — work  pit  upon 
the  metitl  deposited,  and  affecting  its  state  of  aggregation.  M 

L7S0.  Akkanoimbnt  op  ()BJKTS.~ThiB  inolDdes  the  considora-  I 
tion  of  fievernt  distinct  seta  of  ])rinaiples,  as  to  each  of  which  it  ■ 
w  very  desirohle  to  obtain  olear  oonce^tiooa.   i,  Tho  position —    M 
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homonUl  or  roriicnl.  i.  Tha  roUtive  proportions  of  ohjoot 
and  anode.  ).  Tbo  distaooe  to  bo  nwinUuied.  An  to  wtch  of 
thoM,  I  will  i^re  azptnaMotel  ilhiatimtioiu,  w!iioh  I  nmom- 
tnend  the  student  to  follow  onf,  and  tmtn  those  practically  wull 
aoqnainted  with  the  snbjoct  will  find  their  knowlodge  bvoomo 
much  more  definite  and  exact  by  carefully  examining  the  con- 
ditions of  Buch  Bj-Btematic  experiments.  To  obtain  tlK-ir  full 
teaohii^  it  is  oesential  to  have  in  the  cirouit  a  galvanometer 
wfaoM  readini^B  are  definite. 

Tba  Milntion  to  be  used  is  that  already  shown  to  hit  beat  for 
■11  ob}eota  not  acted  njpon  by  tbo  acid — via.  j  parts  Katiiratvd 
Bolntioo  of  Hulphale  of  copper  and  i  part  of  dilute  aulphnrio 
acid,  I  to  lO  of  water  by  meaenro.  I  nave  tested  tlie  raiigo  of 
dennity  of  cnrrc-nt  such  a  solution  will  allow,  and  will  hoTit  giv« 
the  experiments  and  results,  each  having  been  eoiitinin;il  for 
BOoh  time  m  to  giro  the  same  weight  of  copper  per  wiiiare  inch 
ofnir&ee. 

781.  Batb  of  DeroeiT. — The  unit  of  deuHity  is  i  equivalent 
in  ten  bour8(tbat  is,  nearly  ja  grains  of  copper),  upon  i  stjuare 
inch  of  surface,  but  I  have  translated  the  results  into  the 
atnpere-foot  nnit  also,  $  777.  In  (ho  experiments  a  quarter 
equivalent  was  depo«itctl,).«.  8  grains,  giving  a  thickness e'jual 
to  stent  paper.  The  exporimonts  were  all  made  with  a  targe 
Daoiell'soell,  and  the  current  varied  by  means  of  resistanoes. 
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bud  all  round  tbo  edge   ..  7J*i3 

The  first  four  dopoeils  were  baidly  diatingnishable  ;  the 
istal  was  tough,  and  tore  without  cracking.  As  with  all 
iled,  and  theroforo  crystalline,  melalit,  none  would  bear 
doiibling  flut ;  but  after  hoaUiig  rod-hot,  they  could  be  humnered 
doable,  and  opened  withont  cracking.  In  ;  and  6  the  middles 
were  good  enough,  but  the  metal  round  the  edges  was  of  a 
loose,  trandy  nature,  Larger  surfaces  would  alter  the  aotnal 
effects,  but  not  the  principles  involved.  A  convenient  form  of 
this  experiment  is  to  mount  several  cells  in  aeries  with  electrodes 
of  different  aizcH,ao  that  thereis  one  current  in  all,  but  different 
denflities  of  cnrrant. 

783.  It  would  therefore  appear  that  the  rale  0/  dejHitit  of 
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cQpper  {that  la,  t.he  suitable  densit;/  of  eurrml)  uliould  not  exceed 
1 1  chemic  unite,  but  thftt  it  mny  be  as  niiicli  lees  as  is  desirablo. 
witbout  injury  to  tlie  qunltty  of  tbe  metal.  A  mte  of  about 
I  ampere  per  6  squnre  incbee.  r>r  B»y  15  amperes  per  foot,  =  lb, 
•'57  P^^  ^4  lioi™  iier  Equare  foot.  In  goocl  actual  working 
the  ourrent  is  uot  pusbea  to  tbig  degree.  In  electrotjping 
th(T  plates  for  the  Ordoauo©  Survey  the  rate  of  deiioeit  i»  about 
J  lb.  per  24  hoiin». 

Eaoh  metal,  however,  and  each  kind  of  »oluliim  of  otch  metal, 
hn*  it«  own  proper  density' of  current,  but  such  sDltitiuns  an 
the  cyatiides  will  vary  at  times,  and  with  all  temperature  will 
alter  the  suitable  density  of  ciirront.  Also  the  nature  of  (he 
mrfacr.  niiii4  l>e  taken  into  account,  us  projecting  pointa  or  a 
crannliir  surface  will  work  badly  with  the  same  current  which 
docs  well  on  a  smooth  aurfiioe. 

78  J.  PosiTiOK, — Place  a  strip  of  copper,  fit  leaet  4  inches  long, 
vorticiilly  in  a  vessel  with  a  corresponding  anode,  and  pass  a 
small  current,  leaving  tho  apparatus  undisturbed  for  some  daj^ 
It  will  be  found  that  tho  anode  is  dissolved  mostly  at  the  top, 
and  if  thin,  it  will  be  perforated  with  holes,  or  eren  out  through 
at  the  surface  of  tho  liquid.  The  cathode,  or  rticeivtng  plat«, 
on  the  contrary,  will  have  a  thick  coating  at  the  bottom  and 
least  of  all  at  the  top.  The  edges  will  be  formed  of  groups  of 
nodules,  forming  a  thick  edging,  and  the  lowijr  ooruera  will 
mUow  ttiie  particularly,  and  bulge  out  somewhat.  Besides  tills, 
in  all  probability,  the  whole  aurfaoe  will  be  marked  by  vertical 
Uiic«.  mostly  commencing  in  a  dot,  and  forming  u  sort  of  pro- 
lunged  note  of  exclamation  (t).  Now  repeat  thiit  experiment  in 
a  rather  long  narrow  ti'ongh,  or  in  a  vesfuil  witli  a  porous 
division,  or  oven  in  two  glasses  connected  togi.'lher  by  a  siphon 
or  ^ome  thick  cotton  wick,  and  use  a  saturated  sululiou  of  copper 
Hulpliate  with  no  ucid.  In  a  short  time  tbe  anode  will  become 
coiited  with  small  crystals  of  auipbate  of  copper,  which  will 
entirely  stop  the  current,  and  the  previously  noted  oouditious 
will  be  exaggerated  at  the  cathode. 

784.  The  explanation  is  in  tbe  actions  described  j  627 ;  at 
the  anode  copper  is  dissolved  and  ihesidntion  becomes  stronger ; 
tho  newly  formed  salt,  being  heavy,  Biaks.and  leaves  acid  when 
present  nI>ove  ;  or  if  the  solution  is  saturated  it  OUinot  l>e  dis- 
■olved,  and  cryHtallizes  where  formed.  At  the  catho<le  co)>j)er 
is  removed  from  tho  solution,  which,  becoming  lighter,  rinett 
alongthofacc.  Now  take  a  thin  glass  beaker, containing  water 
and  some  light  powder,  and  hold  one  side  close  to  a  Budhud's 
burner,  and  notice  thooonditionsof  a  heating  liquid;  a  caniitant 
troflsj  will  soon  bo  generated,  rising;  &t<ing  tho  wanutiat  side, 
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Sowing  slong  the  rorfaoe,  deaoonditig  along  tbo  oool  iui», 
flowing  along  Ui«  bottom.  This  circutnting  stream  ia  doe  to' 
(he  dilTeront  epcoifio  gravity  of  warm  And  oold  wator.  Th« 
samo  cooditiotiB  aro  produccKl  by  tho  iiamo  cnnso  in  tho  depoeit- 
ine  v«aM] ;  wo  haro  a  etronm  of  ligblcir  uci<l  liqnid  rifling  ap  ths 
oauu>d«,  flowing  along  tho  surfnco,  und  imjiinging  on  tho  anode, 
which  is  th«re  chiofly  acted  on ;  tbis  incn^fiwui  thn  weight  of  the 
liquid,  and  fonnflaiitrcaRidown  thoanmlouml  along  tho  botlom, 
whicli,  n-Aching  lirBt  tho lowor  partof  tbocathodo,  thorodoliTera 
up  tnoat  of  its  ntolnl.  Most  wntora  doiKTilw  this  action  as  due 
to  aimpltt  stratification  of  tbo  liquid  owing  to  dlfforanooa  of 
density.  This  is  erroneous,  as  the  liquid  would  not  stratify ; 
it  is  tno  circulating  curroiit  of  liquid  whiob  ciiiisw!  tho  mischiof, 
and  the  evil  becomes  gneatvr  as  tho  hoij^Iit  of  the  objocta  ig 
nwiter.  Thia  current  u  the  cause  of  the  linoe  and  spots.  Ths 
wightufft  irregularity  of  snrfaco  (and  nil  siirfacoK  niv,  scK-ntificoUy 
qiaakiBg,  rough) deviates thiacnrrent,nu<l  tho  obetruotion  growa 
erery  instant  as  tho  metal  is  do}iositod. 

785.  Now,  arrango  two  gowl-sizcd  platc«  in  tlie  aolution 
bonzuntuUy,  oiiu  at  the  iKittmn,  ttie  other  at  the  top  and  ut 
a  eotiaidi;t«bli'  dialauoo;  connect  this  Utter  to  the  eino  of  tba 
battery  for  thu  uuthode.  In  a  little  while  the  current  will  be 
atoppvd,  if  from  one  o^U  ;  if  fVou  several,  so  as  to  furoo  its  wa^. 
the  cathode  will  bu  found  covorod  with  a  loose  friable  depo«it, 
or  even  a  black  )jowder,  while  tho  anode  will  be  coated  with 
ciyatala.  Clean  the  plutus  and  roplooe  tlietii,  but  make  the 
lower  one  the  cathode.  Now  a  good,  even  deposit  will  go  on  ; 
in  thia  powLiun  all  rci{uiiumentA  are  satieliod,  the  acid  dissolves 
tbe  anode,  tlio  jiroduot  descends  and  gives  up  its  metal  to  the 
cathode,  wbite  tlie  liquid  being  uuiforiu  ull  over  the  surface, 
tlie  electric  current  is  evenly  diatrilmted.  This  is  the  best 
potiitioQ,  therefore,  eapet-ially  for  Intgv  flat  surfaces  and  dcejily- 
cut  medallions,  dto,,  tut  it  in  raroly  oniiiloyed  because  of  its 
JDOonvenii^uce,  which,  however,  is  much  t^iiLg^rated.  The 
impuritiL's  of  tbe  liquid  oud  ut  the  anodi-  are  precipitated  on 
tiui  deposited  plate,  and  deface  it ;  but  tJiis  may  be  avoided  by 
Altering  the  liquid  before  depositing,  and  placing  above  the 
olljecta  a  frame  fitting  the  veasel  loosely,  and  ouvered  with 
muslin  or  net,  upon  the  siiifaoe  of  which  is  laid  a  sheet  of 
lllleiing  or  blotting-paper.  Of  course  tlie  leading  wiiee  must 
be  coated  with  a  protecting  cement. 

796.  Tho  usual  poeition  (and  for  nearly  all  except  flat  objocta, 
the  neoessarj-  position)  ia  one  of  vertittsl  suspensiou;  in  this 
case  the  point  of  suspensiou  should  be  frequently  changed,  the 
liquids  l>e  frequently  stirred  up,  and,  besit  of  all,  tbo  objects 
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kopt  in  constant  motion,  if  iiossible.  Meaaa  have  been  deTised 
to  cause  a  ciroiilAtion  oftLo  liquid,  but  tliey  Lnve  mostly  failed, 
for  tlie  veiy  guwl  reaeon  that  regular  circulation  of  the  liquid 
is,  as  already  shown,  the  very  thing  to  he  most  carcfnlly 
avoided,  nnlesM  it  is  directed  in  a  coiirxe  opjx>8e<t  to  that  whitm 
voiild  Ix)  sot  lip  naturally.  If  irregularities  are  seeu  to  be 
forming,  they  should  be  removed  by  filing  off,  Ac,  as  they 
oouRtAntly  increase ;  but  oare  must  be  taken  to  attund  to 
instnictiiins  as  to  the  rumoval  of  objects,  §  695,  or  else  the 
dejiosit  will  be  apt  to  form  in  non-adherent  layers. 

787.  Helative  PnopoRTioHS  OF  Anode  ash  Oatiiopr. — ^Th^ 
should  be  nearly  equal  in  extent,  or  the  anode  slightly  the 
larger;  if  other  conditions,  as  to  jKisition,  distance,  &c.,  bo 
attended  to,  the  relative  eizes  matter  little  us  regards  the  actual 
deposit  going  on,  but  if  they  diflcr  much,  the  couipneitioti  of  thu 
Bolntion  willulter,  especially  if  large  currents  are  passing.  Fig. 
63*,  p.  38S.  will  assist  in  understanding  these  relations,  imd  also 
tench  bow  best  to  arrange  the  objects  an  as  to  equalir^  as  much 
as  possible  the  lines  of  resistance,  anrl  therefore  of  current, 
passing  from  each  point  of  the  one  surface  to  points  on  ths 
other.  As  a  cousequenoe  of  the  modes  of  trausmiMiou  and 
action  of  the  current  described  §  718,  there  is  not  in  all  cattca 
an  equal  solution  of  anode  and  deposit  on  cathode,  and  thus  tli« 
liquid  may  be  impoveriahod  or  enrii'hod  Jn  uetul.  aooording  u 
the  anode  is  too  small  or  too  large.  This  appliL-s  more  to 
qyanide  solutiona  than  to  acid  ouea,  because  they  an  more 
oomplicated  in  their  oonstitution,  and  therefore  more  liable  to 
1)6  modified  under  the  iuJlueuce  of  the  current.  Bnt  it  ooours 
even  in  oop]H>r  salts. 

788.  ThK     DlSTANOB    TO     BE    JlAIHTArNED. — PUoO    tWO    small 

plates  of  copper  (/onnectod  to  n  single  cell  in  a  larRe  vessel  of 
copper  Holutiun,  at  iiret  about  one  iuoh  apart,  uiiil  note  the 
detlt!ction  of  tlie  galvanometer ;  now  increase  the  distances  and^ 
observe   thu   fall   of  the   deflection.     Thin    iudiuut«H   tlmt 
resistance  increases  with  the  distunou  Imtweeu  the  plates. 
tbe  receiving  pbtto  into  a  V  form,  and  pri.'seiit  the  edge  toi 
the  anode,  and  it  will  be  found  that  the  deposit  will  be  tbidiest 
tiiere,  gradually  thinning  avniy.       In  the  same  way,  if  tlie 
reoeiring  plate  tie  a  circle  or  s(|unre,  and  the  anode  be  mudl 
smaller  and  plaoed  near  and  opposite  the  ceutre,  tlie  deposit  wiU^ 
be  found  thick  in  the  middle,  and  thinning  graduulty  awayl 
upon  the  flat  Hurfitce.     The  I'arther  the  anode  is  itn-ay,  the  lesB^ 
variation  thons  will  be  in  the  thickneea  of  tli«  dcooait.    If  now 
w»  dra  w  plane  of  tlieeo  iirrftugfttaentB  ani  aV.'t^  Vvtwa  wstosfc,"** 
'  //  «<M  tbo  raasoD  i«  to  ba  toiiul  m  \h«  ^Tv\\cv^\wfc  o^  V-wci^ 
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oooduction,  S  5^4 1  wherever  the  liiioe  from  ttuode  to  oathoilo 
an  ihorteNt,  tltere  will  the  depoait  l>o  thu  great«Ht;  the  u1i«trio 
earrent  duitribatea  itaelf  through  bVL-ry  [Kwaibte  {>ath  cipun  to  it 
in  iirujHirtioiiH  i>xacU  v  tb«  oppoitittt  (o  thuM  of  the  rtmiittitnixs 
«>uch  piUh  oITlth.  Tliereforo,  to  gut  evi-n  depoattit  ujiuii  tlio 
cathiKliK  the  niuHle  uhould  W  equally  dixtant  miro  all  parts  of 
it.  Thin  ia  B&ny  in  flat  f)Iat«s,  aud  th(«o  may  tliercfore  bo 
arranged  tiloes  lugelhor ;  lu  circular  ohjeota  iIil*  Bumt:  renuU  im 
obtaiDod  by  ftarruuiiding  them  with  a  cylindrical  anodi.\  or  by 
Buirpeitdiug  strips  all  round  them.  Wheu  dbjeotH  aro  irns^idnr 
ill  form,  and  eajteeially  wheu  the  aiirfaoe  is  deeply  chiiaud  or 
uixlurout,  it  may  be  taken  as  a  sound  princijde  that  thu  diaianco 
aiiart  aliould  be  considerable  in  order  to  dtmiuiah  Uie  ditTerfiiuo 
of  the  diatanoea  of  the  prominent  aud  dtep  imtis  from  ihit  anode; 
in  Aucli  oanoa  it  ia  desirable  also  lliat  the  action  ahould  be  alnw, 
in  order  to  allow  the  cxhauated  Honor  to  bo  replatied  in  the 
holluwa  by  diffusion  of  the  liqiiid.  Tiiia  is  of  eajteoial  Imjiortjuioo 
in  C'uatiuji;  uon-metallic  moulds ;  in  fact,  it  is  well  tn  thtad  to 
Bcciiro  (ieirosit  first  in  the  hollnws,  by  pr«flcntiiig  into  tlit^iu  the 
point  of  a  ooatcd  wiro  u»  tho  only  anodo  At  firet,  for  it  is  by  no 
means  iinoommon,  though  vorjr  vexatious,  to  lind  these  hollows 
obstinatoly  roftuiDg  to  take  ftooatine  stall  when  a  large surfaoa 
UDUtd  tb«ia  hw  wonred  a  coating,  thia  being  bo  muoh  better  a 
oondootor  than  the  film  of  plambago.  As  a  rnle,  better  and 
more  cvon  deposits  aro  obtained  when  tho  distance  is  con- 
sidorabto  than  when  it  is  small ;  tho  drawback  is  that  either 
tbe  rate  of  deposit  is  dimini8hod,or  else,  in  oi\lor  to  maintain  it, 
great  power  ia  required.  ThoM  an>  ciemcnte  of  time  and  coat 
against  diatanoe,  bnt  quulity  of  dcpnuit  ia  in  it«  favour. 

Another  ailvuntago  of  phuiing  the  uiiodo  and  cathode  at  a  oon- 
xiderable  distance  is,  that  it  neceaaitalM  la»o  ve»soU  and  a 
good  body  of  liquid,  oonditions  opposed  to  the  getting  up  of 
currents,  aud  tending,  by  the  greater  aroa  of  diffusion,  to  the 
maintaining  a  more  uniform  condition  in  all  parta  of  the  vessel, 
Thia  rc-uiark  applies,  of  course,  to  amateura;  in  faotoriua  the 
vcMsols  are  always  largo,  and  tho  anode  plates  and  objeota  to  bo 
deposited  ujiuu  are  distributed  about,  acoording  to  the  oumbor 
and  form  of  tho  c)bJL'cts  to  bo  operated  upon. 

789.  In  some  eases  it  may  be  dehiranU  to  control  and  vary 
the  ratu  of  action  upon  different  objects  immersed  in  tho  namo 
aolution,  or  to  aacert^ii  tho  exact  amount  of  metal  dopoaitod 
upon  such  objects.  This  may  lie  easily  effeoted,  l>ucuu«i>  n 
number  of  electrio  ourrenla  may  bo  mse^d  tbiuu^  ^.Vw  '■mxa 
aolatioD  without  intorfering  vritVx  lAoki  cftiv*!t\\^  'wnvj  •«<«». " 
atbattd  from  a  mttgle  onodo. 
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Tlie  process  is  tliis:  instoad  of  using  a  bfttf.nry  of  size  suited 
to  the  totiil  work  to  bo  done,  a  Dumber  of  email  bat.t,unuB  aro  to 
be  empioyeil,  each  ndaptoil  to  doing  the  work  requii-pil  upon 
one  urticle  or  set  of  objects.  All  the  positive  poles  may  tliou 
be  connected  to  one  nnode,  or  a  niimDor  ef  plates  distributed 
alxiut  the  solnttun,  but  aj^ting  as  a  single  auode  ;  the  uegative 
wires  are  to  be  attached  soparatuly  to  the  objects  upon  whioli 
each  i»  inteudcd  to  direct  the  current,  which  tlieu,  by  the 
ordiuHry  means  of  resistaDco  and  galvanometers,  mity  be  0011- 
trolteil  and  me>aBnred.  An  extension  of  this  priiici|)le  will  be 
found,  fi  J45,  applied  to  the  purpose  of  cotitmlling  llie  stftte  of 
the  solution  and  the  process,  in  depositing  nlloys. 

790.  DEi-osrriNO  AfPARATUS.— It  is  desirable  to  provide  a  means 
of  connecting  and  arranging  the  objects  witliout  trnsting  to 
mere  wires,  which  are  also  troublesome,  and  apt  to  got  iti  contact 
or  to  be  dieturbed.     When  square  vessels  are  uscil  this  is  easily 

Fig.  TO, 


efTeoted  by  having  biir»  of  brass  across,  with  a  clump  at  one 
end  to  gnp  the  vc«sp1.  Fig.  70  shows  the  inner  angle  of  a 
frame  w-liich  1  have  found  vi-ry  convenient  for  the  airauging  of 
objects.  A  is  a  bar  of  hard  wood  with  three  mortises  cut  into 
ltd  end  to  receive  the  Uire«  flat  bars  of  woo<l  1,  a,  j  ;  the  lower 
cide  of  I  and  the  upper  side  of  2  are  faced  with  8tri))8  of  stout 
sheet  brass,  or  oonper  silvered,  and  tliese  are  connected  to  tho 
biaJinff-Bcivw  +  by  turning  the  ends  up  outside  A.  The  other 
end  of  the  frame  is  exactly  simUar,  tenofcy^  tWV  Viw;  \wwi5i  wiAa 
ofjfo.  J,  and  the  upper  one  of  j,  are  iwxA. «  «KiaRR.*wA\Ki  'Coa  - 
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Linding-Berow ;    thus   at  tho  t^ni    sbown,  a    is  a    metal- lined       J 
opeoing,  liavinj;  an  nntined  opeuing  ooTTe«ponditig  to  it  at  ths^J 
other  end  of  th«  frame,  while  the  opening  b  Ib  iinlincd  and^H 
ita    corTe«|>onclitii;    one  at  the  other  end  linod.      Slotal    rods  ^^ 
passing   through   theao  openings  aro  thcreforo  in  connection, 
the  upper  onee  with  the  +  "id  tho  lower  ones  with  tho  —        I 
pole  01  the  battery.     It  is  such  a  rod,  tho  end  flnttctivd  out  and       J 
tormed  into  a  epring.  which  promos  npon  tho  plntj;ii  and  allow^^H 
the  rod  to  bo  placed  as  deaired  by  moans  of  tho  iiroj<>cting  <nidJ^H 
I'lio  anode  plates  arc  hiing  upon  the  Hppcr  rods  and  (iistributed       ■ 
as  required,  and  tho  objects  are  sliiiig  bj'  wire*  from  the  lower 
or    —    rods,  which  are  conuectoil  to  tho  zinc  of  tho  battery.        I 
This  frame  can  be  placed  over  any  Teesol  if  provided  with  a 
support,  and  can  be  lifted  up  slightly,  and  moved  about  occa- 
sionally, to  disturb  the  llqruJ. 

701,  Motion  or  the  Objects. — Tho  quantity  and  quality  of  | 
wotlc  done  aro  improved  by  keeping  the  artioloe  in  motion.  It  ' 
is  evident  that  the  solution  in  too  noighbourhood  of  tho  objects 

is  impoveriehod  by  tho  action,  as  explained  S  718,  bocause  the  I 
ncttuu  motal  im  dissolved  at  tho  anode  and  runiovod  at  tho  I 
cathode,  while  the  moleoular  transmiHtiiou  of  current  may  l)o  I 
nikde  in  the  solatioa  by  atoms  of  hydrogen  instead  of  metal:  I 
thin  of  necoKsily  altore  the  obataott-r  of  th«  solution ;  n:id  motion  I 
diatributes  the  two  diiTciront  portiouH.  Motion  also  roduoes  tha  I 
—  EMF.  If  a  coll  hail  a  galvauometer  in  cirouit,  the  deflection  1 
increases  the  moment  tha  eleotrodee  aro  pnt  iu  motion  :  the  cell 
n-ill  iu  fact  do  from  10  to  20  per  oent.  moi-e  work  if  oonstunt 
motion  is  maintained  than  if  tne  articles  are  at  rest.  { 

702.  The  simplest  mode  uf  obtaining  motion  is  to  mount  the 
anode  plates  and  the  objects,  or  the  latter  alone,  upou  a  frame 
Buoh  as  Fig,  70,  fitted  with  four  little  wheels  running  upou  a        I 
rail  on  the  edge  of  the  vessel,  which  is  with  advantage  set  on 
the  slope  so  as  to  give  riaing  as  well  us  side  motions  ;    an        I 
Bcoentrie  wheel  and  rod  atlaohed  to  a  shaft  from  an  engine  does       I 
the  work.      Amateurs  ob  a  Bm&U  Male  can  use  an  ordinary       I 
roasting-jack  to  produce  the  same  effect. 

79J.  liKPOBiTiso    Soi.uTioNB, — Befure  dosotibing    the  s]«oial 
solntions  for  uae  in  each  case,  it  will  be  vrelt  to  study  tlioae       I 
general  principles  applicable  to  all,  the  comprehensioti  of  whioli       I 
will  lead  to  intelligent  and  suocessful  working.    A  perfect  solu- 
tion would  be  one  which  contains  suffioient  metal  for  rapid  work- 
ing;  will  give  it  up  freely  under  tho  influence  of  tho  current; 
will  also  freely  attack  the  anode,  but  oulj'  while  cunui\t'^Mew«x., 
so  as  to  keep  the  ijiiatititv  in  solul'mn  \iTi\toTm  -,  au^  iN\i\^\i»» 
no  gpontanooaa  action  cither  upon  tlia  met^  to  "to  4»v««>*!^  ^'^ 
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that  on  \rhich  thd  Hopoeit  is  to  bo  ofTcct'.^d.  All  three  quft1iti«8 
are  rarely  combined,  but  our  object  is  to  obtain  as  many  of  thom 
as  possible.     In  splocting  salts,  therolbro,  wo  hsvo  to  consider: — 

(i)  Chemical  lleactioiu. ^It  is  deeirable  tbat  the  non-metallio 
radical  should  have  very  slight  power  of  attacking  the  metaJ 
or  of  forming  basic  salts  with  it;  thus,  sulphate  of  copper  ia 
preferable  to  nitrate,  becaneo  sulphuric  acid  does  not  act  on 
copper  exoopt  when  aided  by  extraneous  energy,  as  when  the 
current  passes.  Itut  it  is  e*»cnliiil  that  this  radical  should  have 
little  or  no  tendency  to  combine  with  the  metal  on  which 
deposit  is  to  take  place,  because  this  will  be  sure  to  prercoit 
adhesion  1  thus  it  is  iinpossible  to  deposit  copper  direct  upon 
iron  from  the  sulphate  of  copper,  l)ccaUBO  the  sulphuric  radical 
tends  to  combine  with  the  iron. 

(2  I  Solubility. — This  has  two  brarings,  quantity  and  rapidity 
of  solution  ;  a  salt  may  dissolve  abundantly  and  yet  slowly  ;  or 
the  liquid  may  rapidly  Iwcome  saturated,  and  yet  very  little  bo 
diesolvod.  Thus,  sulphate  of  copper  diasolvea  freely  enoug)i  as 
to  quantity,  as  the  solution  contains  jo  per  cent,  of  the  salt,  but 
it  dissulves  slowly,  and  the  consequence  is  that  u  frail  salt 
forms  nl  the  iiiiodc  it  is  very  apt  to  crygtallizo  there  instend  of 
dissolving,  so  that  it  ia  neoeaeary  to  have  sufficient  free  vmtor 
present  to  prevent  this. 

Uuder  this  huid  ulao  bus  to  bo  oonsiderod  the  necessity  for 
the  prc*aence  of  some  free  solvent  besides  the  Halt  itself,  'i'hus, 
in  copper  dt-jHiHiting,  free  sulphuric  aci<l  helpa  greatly ;  and  iu 
silver  <le|K>Hiling,  the  preoeucu  of  free  cyanide  of  jiotaasiuui  ia 
eaaonlial  to  dJNiiuIve  the  cyanide  of  ailvor  as  it  fonuH. 

(j)  Eta-tncIti<nilant»,orOondartivil!i. — Of  tw<jw>lntinns  other- 
wiao  equally  aatisfacUiry.  one  may  It-  n  much  liett'^r  (HJiidiictur 
tli&n  the  oilier,  nnd  the  imiHirluuei-  of  this  is  that  it  niquircH  lesa 
voltage  to  work  it,  and  therefore  custe  less.  It  in  from  this 
point  of  view  also  we  must  oonsider  chiefly  tbu  effed  of  other 
Kubstanoea  iu  the  solutions  beddes  tlione  lakiug  jiart  in  the 
obemioal  actieu— vii;.  the  metallio  lalt  and  the  exoem  of  the 
solvent.  Ab  a  general  rule,  inch  bodiea  do  harm  rather  than 
good,  for  which  reason  all  formulw  should  be  regarded  with 
distrust  which  load  the  solutions  with  ohloridee,  or  nulphalee, 
or  o&rbonates  of  the  alkalies,  or  earths. 

79j.  Coprisniso  Solutions. — (1)  For  all  ordinary  purpoace, 
that  U  for  depositing  upon  non-mnlallic  ohjecU.  upon  ccfjwfr,  tmiw, 
Ovntan-Mleer,  and  lead,  llio  best  possible  aolutiun  it  that  already 
mentioned :  saturated  solution  of  sulphate  of  copper  diluted 
with  ono-fourtb  of  water  containing  one-teuUi  by  meuuro  of 
•nlfJiaric  add. 
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(l)  irMi,  title,  pewUr,  and  Britannia  metal  reqniro  an  klkalins 
solutiou.  The  une  commonlj  lued  is  cyanide  of  copper  disaolved 
in  oyAuide  of  potassmm.  It  may  bo  made  1>y  tbo  battery  pro- 
oeM,  which  i§  also  availablo  for  silver  and  ^old,  A  sheet  of  the 
mutal  is  lued  as  anodo  in  a  solution  of  cyanide  of  pota^ium  of 
suitable  glreugCh  (tbreo-qiiartors  of  au  ounce  to  the  pint),  a 
'  amuU  j)1at«  m  attached  to  iho  negative  pole  and  suspended  in  a 
porous  cfili  in  tho  same  solution,  and  current  passed  until  deposit 
lorinB  on  this  Ktt«r.  This  plan  is  convenient  for  lazy  people, 
but  it  leaves  free  potash  in  the  solution,  which  takes  up  carbonic 
acid  from  the  air.  Tho  best  plan  is  to  throw  down  a  neutral 
Bulatiuu  of  sulphate  of  copper  with  cyauide  of  potaHsium  as  loDg 
aa  aptcioipitat«  forms.  This  ^hould  be  washud  several  tiiDeSt 
and  dissolved  in  cyauide  of  potassium.  This  solution  requires 
to  be  kept  at  a  tempornlure  of  loo"  to  150''  Fahr.,  and  to  be 
worked  with  a  battery  powerful  enough  to  give  gas  off  fruoly 
at  the  cathode  or  object. 

(j)  The  begl  Solution. — This  I  have  modified  from  one  given 
by  Watt.  I'crpint  cf  eolatioii,  tho  quantitiosarc  about— sulphate 
'of  copper,  i  OK.;  liquid  ammonts,^  ox.;  cyanide  of  pobtanium, 
]  ox.  But  the  simplest  directions  are :  DiksoIto  I  oz.  of  sulptuitu 
of  copper  fur  every  pint  of  solutiou  required  ;  add  ammonia  till 
all  prwipitate  is  rodisaolved,  forming  a  docii  bluo  solution ; 
add  oyanidc  of  potassium  till  tliis  culuur  disapiwnra;  add 
unmonia  and  oyanide  when  required  to  keup  the  solution  in 
good  order.  When  these  are  deficient,  the  anode  ooivts  itself 
with  n  blue  powder;  exccaa  of  ammonia  will  make  it  work 
badly,  an  the  ooppor  may  not  deposit,  or,  more  stiiotly.  in  redis 
solvtNl.  If  the  solution  is  too  noh  in  copper,  the  metal  may 
oomedowu  as  a  |>owderi  the  deposit  is  in  fact  a  comptomiso 
^  between  cotiju-r  und  hydrogciu,  and  it  is  neoesaaty  to  attain  the 
[  mppy  mtxlium  at  which  good  adherent  metal  is  produced.  This 
BoTntion,  like  the  cyanide  ono,  must  be  workol  so  ns  to  give  off  J 
gas,  but  the  adTantage  of  it  is  that  it  works  freely  when  cold. 

As  these  solutions  are  expenoive  to  work,  tl>i^y  should  bo  used 
only  to  furm  a  perfect  Htm  of  oujipcr.  Tlie  wurk  is  then  to  bo 
completed  in  tho  ordinary'  acid  buth ;  but  great  care  must  bo 
taken  in  effecting  tho  change  to  wash  off  every  particle  of  solu- 
tion, and  to  dip  the  obji.-ct  m  acid  before  putting  it  in  tho  acid 
bath,  otherwise  tho  second  deposit  will  not  adhoro  to  tho  first. 

79J.  Dei'Ositinu  CoJ'i-kr. — Copper  may  bo  deposited  by  what 
is  called  the  singlo-cell  process,  which  is  simnly  urrangina  the 
object  06  the  negative  mutal  of  a  DnniuH's  alt,  as  to  which  see 
j  io6.  A  battel-}-  and  eeparnte  vmsoI  islartho  best  plan.  The 
ccU  being  arraugod  with  tbo  anodo  connected,  and  the  object 
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boing  perfectly  olcan,  it  ahouM  Ijo  conneotcd  to  the  zinc  of  tho 
buttery,  and  iiiLmi^Taeil  without  exjiofliiru  to  tho  air,  if  adherence 
is  rLi)uirGd  ;  if  a  reraoru)iIe  dejioBtt  is  wanted,  theD  the  precaa- 
tions  niiist  Lo  takt^n  mcntioneil  §  -jjO. 

796.  It  IB  bettur  to  use  a  rather  strong  battery  at  first,  to 
at-cure  deixwit  nil  over  the  surface  ;  iu  fact,  this  is  generally  the 
0080  with  all  niL'tals :  it  is  usnally  an  advantage  to  have  the 
object  at  first  a  good  dislance  from  tha  anode,  which  may  be 
small,  so  ait  to  htivu  a  condiderabUi  reisislaiioe.  and  then  to  tue  a 
high  EMF  iu  order  lo  ohtain  the  (xmditions  of  S  779,  and  also 
to  make  the  reaistaui:u  from  uU  jiarU  of  tlie  aurfaoe  nearly  alike, 
eo  an  ti>  reeifit  the  teudent^y  to  local  dtpo^itH,  and  the  missing  of 
hollows.  After  a  few  minutes  the  object  should  be  examined 
without  remnval,  and  a  soft  brush  may  be  passed  all  over  it, 
OBpecially  into  hollows,  to  remove  any  air-bnbblos.  For  non- 
metallic  obtoct«,  it  is  often  better  to  insert  tltem  without  a 
reffnUr  anode  at  tirst,  and  to  ji^ide  the  deposit  to  the  dconrat 
hollows  and  point*  most  distant  from  the  oonnGction,  by  holding 
near  them  a  wire,  or  small  strip  of  copper  as  tho  anoao,  till  a 
f^oml  Gonting  iH  scaire-d,  as  aescrihed  S  764- 

797.  ObjcctB  should  not  Iw  dueemntcted  or  rinnaved  from  tiu 
lolution;  but  if  a  very  thick  deposit  is  wantetl,  it  will  be 
roQuisite  to  remove  the  object  occ-oeionally,  it&d  file  away  tho 
boduIoH  and  irreguluritiee  which  always  form.  In  all  cases  of 
removal,  even  for  a  minute,  the  same  procautions  must  bo  takou 
as  at  first  immersion  to  secun>  a  perfectly  cteou  surface,  and  tho 
l>cet  plan  is  to  dip  into  weak  nitric  acid,  and  instantly  placn  in 
the  hath.  Even  a  minute's  exposure  to  tho  air  suffices  to  form 
a  sliglit  brownish  film  of  oxide,  whii'h,  tliough  scarcely  'visiblu, 
effectually  destroys  the  cohesion  of  the  deposit,  I  7};. 

This  has  just  been  utilized  in  Elmore's  proceiut,  S  801.  A 
largv  cylinder  is  deposited,  and  exposed  to  the  air  at  Buitablo 
inteivala  ;  ou  being  ti  pi  it  length  wifte  and  opened  out,  the  deposit 
breaks  ap  into  ft  aeries  of  polished  sheets  of  any  desired 
tbitiknetis. 

798  Rbmovinq  TiiK  Deiiosit.— When  a  suffloient  thickness  has 
been  eecorod,  the  object  is  to  be  taken  out,  washed,  and  allowed 
to  dry,  and  if  it  ia  to  bo  removed,  all  esoreaoenoea  and  over- 
lapping crystals  (which  aro  generally  rather  brittle)  must  bo 
oarofnlly  removed,  ono  edge  gently  detached,  and  tho  coating 
■tripped  off  when  its  form  permits :  in  some  oases  of  deposits 
upon  metals  this  is  difficult,  but  will  be  facilitated  by  holding 
tho  objoct  ovor  a  flamo  or  placing  it  on  hot  iron,  ht^atiug  the 
deposit  most.  Tho  deposit  has  at  first  an  extremely  riuh  oidoor, 
woioh  wonld  bo  a  valuable  aid  to  oniauentation  if  it  could  bv 
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promrvod,  Imt  iinfurtnnately  a  few  houm  m  tht  air  rluHtroya  ita 
lioauty.  For  ninKt  ptirpoeus,  tiicircfore,  when  tlio  Burfauo  is  to  be 
prmorvod,  not  to  Iw  uso<l,  it  hux  to  !«  prepared  by  »imo  means 
of  coign  ring. 

799.  Brokzinq. — Broim. — Tliis  in  produoed  by  n  miboxide  of 
copper,  obtained  of  various  slia^leg;  (i)  Moiatcn  with  vnter,  to 
n  winrtglass  of  which  Rve  or  nii  ilrops  of  nitric  acid  ore  addod, 
allow  it  to  dry,  and  thi.-ii  hciit  till  ttio  dtwirud  nhiidu  i^  obtained, 
(i")  Kuh  well  in  and  covur  with  finely  pnwderodjiorosiileof  iron 
(jpwcljcrs'  runpii  or  r«\  hematite  urej  ;  heat  till  coarly  red. 
(j)  Dfirkrir  shiiiloB  Difiy  Iw  obtainod  by  mixing  the  peroxide  of 
iron  with  lilBckkijid,  ground  t^  n  fimr  jm-tu  with  apirita  of  wine. 
Tho  eopI>er  in  t>i  Im  ^lovtrod  with  thin  piiate,  and  heated  till  too 
hot  to  hold,  then  hnishi^  widl.  Wh<rn  the  enloiir  is  obtained, 
the  objoctK  Hhoiihl  lie  WEum^d  aud  pulinhud  with  a  cloth  which 
oontains  »  littU'  Ih'csw&x,  and  all  exceaa  of  this  removed  with  a 
oWn  cloth.  A  vvry  ^;ood  effect  is  alito  obtained  by  first  bronzing 
to  A  doop  volour  and  th«n  lighb-iilng  tlie  projecting  parts  by 
touoliing  with  a  piooe  of  leather  moistened  with  ammonia. 

Black  may  be  prodnced  by  poluUing  with  plumbago  or  by 
dipping  in  a  weak  solution  of  chloride  of  platinum  and  Uo- 
qoaring.  A  beautifnl  dark  brousiug  Is  produced  by  dipping  in 
a  weak  solution  of  sulphide  of  amuioiiluin  or  of  potuanium, 
drying,  and  polishing  with  an  cnled  or  waxod  ololh. 

Oreea  is  uttslly  jiroduced  by  putting  a  littlo  chloride  of  Hmo 
in  a  sancer,  hanging  the  object  ovur  il^  aud  cuvi>rinj{  with  a 
shade  till  tho  d««irud  ofTt-ct  is  obtuiniHl. 

Vtnie  antiijuif,  for  busts,  &o. — tiul-ummoniao,  8  parts;  seo-salt, 
R  pnrtM ;  liquiil  ainmunia,  i  j  parts ;  white  rinegar,  joo  parts. 
DiLish  this  over  several  tijiies  aud  allow  to  dry  slowly. 

Sulphides  of  orsenic,  or  of  antimony,  iu  a  dilute  aolution  of 
ammonia,  give  beautiful  colours  ranging  from  yellow  to  deep  red, 
which  may  be  lightoned  with  aiumonia. 

Tho  Japanese  nee  washes  of 

Vordigria      groins  4^8  or  a>o. 

Copper  milnhato  ..      ..      ..         „      agj   „  540 

Water,  one  gallon ;  adding  Kometimiw  n  little  vinegar. 

600.  Qdahtitt  Dbpobttkd. — This  may  be  oalcnUted  by  the 
figures  given  5  734,  while  the  table  on  the  next  page  givoe  the 
special  ngnres  applicable  to  ordinary  Hiibstanoea. 

The  hydrogen  liuo  beiug  the  equivalent  unit,  gives  tho  value 
iu  amiiere  hours  of  any  subslauiv  when  multiplied  by  the 
oquivaleut  value  of  the  substance. 

1.  V  1 
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EqslTklml  yttac 

Amiwrt  hoor. 

SbUUUW. 

Lofultbiu. 

Gnim 

Lu^rlLbm*. 

Clilorino    ..      .. 

tw:.  ::  ;: 

tlydn^jeii ..     .. 

Iron 

I,e»l 

NioM       ..      „ 
OiyKPO      ,.      .. 
SilviT        ..      .. 
Zioo 

i'-n 

197- 
r" 

»e- 

8- 
to8- 
H-6 

I -{501184 

I -501 7457 

1-I944b6l 

O'OOOCOOO 

1-4471580 
1-0149405 
I-4AIJ8130 
©■  9050900 
l-o;54J]8 
l-S"JJt7* 

10'4'6 
iS'Joi 

■J7JI 

i6-jo} 

59 '5  H 

lC-q6l 

4'6oi 
6)' III 
"S-748 

I ■5099806 
1-1614959 
l'Oi4]i84 
-l-7597iU 
1' 1069101 
1- 7746935 
I  1195 741 
0-fi6iB4ll 
1-79JIJ60 
1-3719698 

These  figures  of  courao  apply  to  perfect  eonditiont,  and  are 
subject  to  varying  working  deductions  5  85a. 

601.  For  most  practical  purpoace  these  aata  of  the  ampere- 
hour  will  suffiwi,  but  it  may  bo  well,  for  the  sake  of  those  who 
wish  to  fullow  out  Bcientinc  principlea,  to  giye  an  example  of 
tho  applioatiou  of  the  fonniil»  f  735. 

Thus,  w*>  may  iuiiuiru  how  many  poiuids  of  copier  oan  be 
deposited  in  i^  lioore  upon  an  area  of  jj  square  feot.  The 
mode  of  estimating  this  applies  to  every  other  form  and  to  eveiy 
other  motul  by  Hiuiply  replacing  the  special  figures  used  iu  thia 
ouo  by  those  auitud  to  any  other  case. 

If  we  take  24  ampcros  per  foot  as  the  limit  of  density, 
34  X  3*5  =  84  and  84  X  34  =  3to6  ampere  hours,  uid  Table 
S  734,  we  hare— 

■000083  X  Ji*75  X  iio6  =  5-48  lbs.  of  copper. 

If  worked  ont  in  detail  the  student  employs  all  tho  data 
which  are  coiidetised  into  the  figures  ^iren  in  th«  tables. 

k.  Ampere  grain  uuit^  -00015975              •■  ~4"'054497 

t,  Cojipereiinivalent,  ji-75       I'50'74J7 

Grains  to  lbs.  1  -^  7000 "4-1549030 

C,  Amperes  i>or  foot,  14 t-)8o3fl3 

m    I  aeoonds  per  hour,  jfioo      J'SS^JO'S 

*  I  hours,  14      i')8o3ii) 

Area  in  foct,  3*5 o-554o68i> 

Copper  depotitod, lbs.  5' )6   ..      »  so-7}0689] 
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Tho  difturotioo  iu  tlia  two  ligurce  is  due  to  tbsro  being  no  loss 
in  fractiona  in  the  logarithmic!  workin);. 

802.  Elmokk'h  Piux:bw. — This  oonsistB  in  keeping  up  a  co&- 
atant  InimUhing  nctirxi  throughout  tho  poriod  of  dopotiiting  ; 
thia  in  applioi  to  olijocte  of  circular  section,  such  fu  tub», 
basioH,  &c.,  by  rotating  th«;[n  in  tho  solution,  while  n  biimiKhor 
travelling  buckwanlB  and  forwanls  is  pressed  n^ainst  them; 
the  effect  is  to  spnwl  out  tho  grnnnUr  forinatioa  into  a  duusc-r 
fibrous  one,  vsactty  as  is  done  by  tho  ordinary  prowuiacs  of 
motat  rolling.  Rnt  here  the  "  work  "  i»  put  not  upon  mitHBi« 
which  do  not  fully  tmnaiait  it,  but  upon  tho  single  moluculta 
aibnost,  and  thv  rcsuH  is  a  dense  tenacio'is  metal  put  by  the 
Jnitinl  pniceea  into  the  finished  fenn  without  juint«,  brazing, 
&c.  Piiie  strong  wire  is  obtninod  by  thus  making  a  long  tube, 
whiah  is  then  divided,  by  a  spiral  out,  into  »  long  square  r»d, 
which  is  Httbuiitted  to  the  usual  processus  of  wire  rolling  and 
drawing. 

A  remarkable  illiistrution  of  tho  prinuiplu  and  the  action  ia 
given  by  ft  plate  of  m«ta)  d6jMsit(>d  by  the  neual  proct^is  to  ^th 
of  an  inch  thick,  and  tht-n  eonlinued  fur  an  equal  tbiokneBS 
Ssder  the  burnisher ;  whvn  cut  through,  pUucd  and  eaten 
with  add  in  the  usual  way  of  examining  the  tost'ire  of  luetala, 
the  mioroHCOpo  reveals  a  wunderful  diffenmce  iu  the  two  strata, 
oomparabte  with  that  nhown  in  the  fraoturo  of  onaree  oaat  iron 
and  finely  grained  steel. 

80J.  Ctanibb  Of  PorAiHiirii. — The  ooromeroial  article  varies 
BO  greatly  in  iiuality,  that  it  ia  nluiost  useleas  to  give  quantities 
for  use.    There  are  two  sorts,  the  white  wbioh  is  commonly 
Bsed,  and  tho  black  wbiub  is  the  be&t.     The  white  cannot  con- 
tain more  than  7^  to  60  per  cenL  of  the  pure  cyanido,  the  rest 
)>eing  cyanato  of  potaah  necessarily  produced  in  tho  roootioD  ; 
but,  acoortling  to  the  imptirities  of  the  miitoriata  usod.  and  th* 
care  taken  in  making,  it  may  contain  as  little  as  j;o  por  otai.] 
It  is  oasily  made  by  Licbig's  prooesa.     Ferrocyanide  of  [totas- 
sium  (^-ollow  nriissiate  of  potash)  is  to  l>e  dWiod  and  dried 
very  thoroughly  upon  a    heated  iron   plate  till  the  water  oL 
crystallization  is  driven  off  and  a  perfectly  white  powder  pKHi 
ducod,  of  which  eight  parts  are  to  bo  taken  by  weight  to  three 
parts  of  carbonate  of  potash  similarly  dried.    These  nroixirtions 
give  ono  equivalent  of  cyanato  of  potash  ti>  five  of  tlie  cyanido^j 
and   form    the    white    product.     Ity  adding    t}  part  of  finolj* 
powdered  charcoal  the  whole  is  converted  into  cyanide,  and  tlia 
product  is  black  through  a  remaining  escc«t  of  oarbon.     An 
imn  crucible  or  i>ot,  freed  from   rust,  is  heated  to  a  low  red, 
and  tho  materisla  (very  thoronghly  wxtsA  «b&.  «a%,  -w-kcta^i 
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inserted  by  degrees  and  hroiiglit  to  perfect  fUaiou,  in  which 
they  ehould  be  Ici^pt  for  twenty  minnteti,  atirnug  ocoaKion»Uj, 
but  kt<jit  covered  at  other  times ;  the  titirriug  ia  effected  with 
au  iron  rod,  which  ih  to  bo  examined;  the  ouating  it  brinsv 
away  ia  ut  first  bruwnieh,  tit  lost  lieconiing  a  okar  ixircelain 
white,  when  tlie  operation  is  complete.  This  groilatioa  of 
colour  cannot  be  observed  when  ohni-eiial  in  uaed,  but  tho 
diminntion  in  the  gii»  given  off  by  the  fused  liquid,  which 
ehould  be  kept  nt  a  jnst  visible  red,  will  indioatu  tlie  comple- 
tion of  the  reaction.  The  pot  shonld  then  ho  removed,  allowed 
to  fltand  a  uiimite  for  tho  iron  to  settle,  and  tla-  dear  liquid 
poured  off  upon  iin  iron  slab,  broken  up  and  iKittled  tightly 
while  warm,  us  it  is  deliijuesccnt  and  absorbs  carboiiic  acid 
from  the  air.  The  residuary  iron  and  cyanide  should  bo 
Borapcd  ont  while  hot  and  placed  in  water,  and  the  solntiaii 
filtered  off  fur  immediate  nae  in  preoiiiitations,  Ac  N.B. — It 
is  one  of  the  deadliest  uf  poicous.  It  will  not  keep  in  solution. 
All  cyanide  solutions  are  dangcri)UB  to  put  the  hands  in,  if  there 
ia  any  break  id  the^iu.uiidiiiuiiy  otttK  tbeypivduwunpleaswit 
and  liometimen  painful  effeotA. 

The  formula  of  tho  prooeea  is,  for  pure  materi&lfi, 

^FeCy,  +  CO.  K,  =  5  KC'y  +  KCyO  +  Fo  +  CO 
i;6$€i;6       60   78         3j;  Si  $6     44 

Tho  last  two  proilucte,  iron  and  gaa,  aro  inevitable  loss,  and 
tho  KCyO,  nearly  ou^-fiflh  of  the  product,  is  uaoless,  which  the 
addition  of  carbon  sufScicut  to  convert  this  O  into  carbonic  acid 
Qiakcfi  useful,  and  raises  the  product  to  G  KCy  =  J90. 

604.  'Vest  fob  Free  Cvakiipe. — It  ia  veiy  oouvcnieut  to  have 
tho  means  of  ascertaining  at  any  time  tlie  exact  quantity  of 
free  cyanide  in  any  solntioD,  and  tlie  poi'ccut«g«  of  the  real 
aubatauce  iu  any  aample.  1  huve,  therefore,  devued  a  sy»tom, 
hased  npou  ths  ordinary  decimal  mcaenies,  obtainahlo  uny- 
where,  and  upion  the  ba«iB  of  one  ounce  of  cj'auide  per  gallon  of 
solution,  from  ouo  to  two  ounces  boing  the  proper  working 
etrength.  One  ounce  per  gallon  is  equal  to  63 'J  groins  in 
10,000;  the  equivalent  of  cyanide  of  potaesium  is  65.  and  it 
tabes  twoof  tJieao  to  precipitate  and  rodiseolve  cyanide  of  BiItot 
from  the  nitrate  of  silver,  the  equivalent  of  which  ia  170.  Tha 
test  solution,  therefore,  is  prepared  from  pure  nitrate  of  ailvor, 
81  '7a  gmins  diasolred  in  a  10,000-graiu  flask  of  distilled  water ; 
6*173  grammes  iu  a  litre  make  tne  same  solution,  which  is 
equivalent,  bulk  for  bulk,  to  a  solution  of  one  ounce  of  cj'auide 
iu  a  galloD,  and   m*^  be  used  with  any  measure  whatever, 
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fimporly  ilividod.  I  prefer  to  take  1000  gntioB  of  it  ftnd  moko 
t  up  tu  10,000  sgaiD  ;  to  take  lOO  grains  of  tho  solution  to  bo 
tirittiHl,  liy  means  of  a,  gradnatod  pipotto,  and  then  add  this 
w6Jtl(vr  Gotntion  to  it  from  an  ordinary  alkalimetcr.  As  soon  as 
tliu  prcci)>it«tr  •ceases  to  rvdieeolvc  on  shaking,  tho  test  is  com- 
plete.     A  idigbt  cloiidinca  in  tho  liquid  marks  this  poiiit. 

To  test  It  sample  of  cvftnido,  dissolve  61^  grains  in  tho  lO.OOO* 
gmtit  flask,  and  trcnt  this  in  the  same  way.  'I'hus,  if  n  samplo 
is  so  truatvd,  lOO  grains  plaoctl  in  a  email  flask  ur  buttlo,  1000 
grains  of  the  tost  put  tii  an  alkalimutcr  nnd  druppud  into  Uio 
fl&sk  MS  long  »8  thu  precipitate  diMtp{>onrs,  mid  njiiin  adding  530 
grainit  in  this  nay  a  pcrmitnonl  faint  dondini.>ss  la  pruduotid,  tho 
Bamplo  oontAins  52  per  cunt,  of  real  cyanide.  If  the  original 
Ivat  sulution  is  pn-ferrod,  tcco  gruiiin  of  that  to  be  tvated  muut 
bo  used,  and  tho  rusitlt  is  tlie  sumo. 

605.  Test  koh  Silver  asd  Golij  in  Solctios.— This  can  bo 
rougfily  HHix-rtained  by  tlie  quantitv  "f  cyanide  iieces-ary  to  ro- 
dittiulvu  a  preeipitate  ;  but  as  cyanide  doon  not  kt^p  in  Bolution 
tho  test  luuat  be  prepared  when  remiired.  Make  a  solution, 
and  test  its  value  as  pure  cyanide  as  juat  deacribed.  Take  a 
measure  of  the  solution  to  be  tested,  and  throw  down  the  metals 
with  sulphuric  aoid,  waabing  tlie  predpitate  till  all  acid  is  re- 
moved ;  add  the  cyanide  solution  from  a  graduated  vessel, 
stirring,  till  all  is  rediasulved.  Caloulate  the  q^uautity  used  aa 
grains  of  pure  cyanide,  and  every  65  grains  indicate  loS  of 
silver  or  1 97  of  gold,  but  not  oorrectly  in  old  solutions,  owing  to 
tho  other  metals  preaent.  A  known  measure  of  tho  cyanido  I 
solution  in  excess  of  what  Is  needed  to  dissolve  the  precipitate 
may  be  used,  and  the  exwss  measured  by  the  process  for  ina 
cyanide  and  deducted  Irom  the  moasuro  used;  it  is  more  es^ 
to  hit  tho  oxaot  quantity  by  this  means. 

806.  SiLVKit  SoLUTios. — There  are  many  different  formulan 
given  in  various  books,  and  many  have  lieen  patented,  but  ua 
tliero  is  onlv  one  which  is  really  satisfactory,  I  shall  give  only 
n  fow  worifs  to  tho  others.  Some  recommend  the  use  of  forro- 
cyauido  of  potassium  instead  of  the  cyanide  ns  a  solwnt ;  it  is 
no  economy,  and  tho  solution  rendeni  the  silver  vcrv  liable  to 
strip.  Ilyposutphito  of  silver  in  hyposulphite  ot  nodii  quickly 
Bpous  by  the  action  of  light.  Chloride  of  silver  in  chloride  of 
sodium  depcjsits  a  chalk-like  ooating,  useful  for  some  purpunes  ; 
it  answers  well  fur  clock  snd  other  dials,  and  may  bv  applied 
by  simply  rubbing  on  and  well  washing,  just  as  well  hb  with 
a  battery  for  this  purpose ;  it  has  no  advantage  m  a  solutiuu  for 
luo  in  the  battery  process.  All  tho  procoaNva  which  involve 
tbo  dissolving  of  oxide,  carbonate,  oi  chltmfe  »A  «J««t  •»* 
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bad ;  they  waste  roaterialB  anil  loikd  iiio  solution  witli  sultit  of 
potassium,  taiicli  liuttur  absent.  Cvanide  of  ulver  iUhbijIvciI  In 
oyanide  of  potassium  is  the  umy  Bulution  whtoh  cwi  bo 
rvconitUBUtlod.  It  may  Ijo  und  is  cumniouly  pr(,-[)urt>il  hy  th« 
nnxHses  dtvwribcd.  §  794  (2),  pacing  current  from  a  silver  u:i(k1o 
into  a  Bolutiim  of  j  02,  cjitnidu  to  thu  pint  of  water:  the  only 
advantnge  is  the  saving  a  little  tronble  ;  but  tlie  iwilution  con- 
tains free  polush,  whi<jh  does  at  least  nu  good.  TliA  beet  way 
in  to  prcpuri.'  thu  solution  chemically. 

B07.  Sihifr  Nitrate  is  iiremred  by  dissolving  in  uitrio  *eid ; 
this  varies  so  in  strengtii  that  it  is  usukss  to  give  quautiti«(i : 
the  solution  is  aided  by  ht-at.  Silver  with  copper  present 
auswurs  perfectly,  and  it  is  not  iieoesaary  lo  crystallixe  if  the 
exoess  of  ucid  is  caiofully  neutralized  wilh  oarbouate  of  soda; 
it  is  best,  howevLT,  to  buy  nitrnte  of  silver,  which  is  sold  for 
little  more  than  the  value  of  the  silver  it  oontains,  as  it  is  a 
by-piodncl  in  neverul  ojjerations. 

608.  Silvfr  Cyanide. — A  weak  solution  of  silver  nitrate  is 
prepared,  and  a  solution  of  oyauide  of  potassium  very  carefWy 
added  as  Ions  as  a  while  procipitato  forms,  shaking  up  occa- 
sionally. When  all  tho  silver  is  pivoipitnted,  the  solnttoa 
should  bo  vigorously  stirred  or  shaken,  and  allowed  to  eettlo,  tli« 
liquid  pounid  off,  and  tho  prvcipitnte  washed,  and  solutiun  of 
oyanidtt  uf  pola«»inm  added  und  stirrod  np  till  it  is  dlMolvod  j 
it  is  then  diluted  to  the  required  etrength,  and  tlio  proper 
quantity  of  fn-e  cyanide  add(r<l.  The  prseipitntv  should  never 
be  dried,  us  this  altera  it«  properties,  and  it  will  no  longor 
make  a  good  sulutiim.  After  solution  it  nmy  be  orystallixed  as 
the  double  uyanido  of  silver  and  potussiitm,  if  dceirod;  this 
makes  a  good  solution  at  any  tim& 

809,  Strength  0/  Solution.— Aimnt  3  oz.  or  j  or.,  of  silver  to  tho 
gallon  is  a  good  working  strength.  As  the  ounoe  of  silver  is 
460  grains,  and  that  of  nitrate  4}7^.  190  grains  »f  L-rystallisod 
nitrate  of  silver  to  tliu  pint,  or  j-4;  or.  per  gallon,  will  givo 
a  solution  equal  to  a  ox.  of  silver  p<.T  gallon.  Strung  solutions 
will  work  more  ([iiiokly  than  weaker  ones  if  ample  jiower  is 
used,  but  they  require  mueli  more  eare  in  working  to  get  a 
good  result,  $  77G.  The  free  vyauide  should  be  equal  to  alxnit 
I  half  the  weight  of  silvur  in  solution.     With  luxn,  tho  solution 

^_       couduoto  badly  ;  with  more,  it  is  apt  to  dissolvu  off  silver  from 
^H      both  anode  and  objects. 

^"  Sio.  Silver  Dspositwo. — An  exjK'riment  whioh  I  devised  for 

E  lecture  purposes,  exhibits  iu  so  striking  a  manner  the  funda- 

^^L      mental  priudplea  of  electro-deposition  that  I  oannot  do  bett«r 
^^^    than  describe  it,  and  invite  teadera  to  repeat  it  for  their  own 
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instruotiou.  Take  »  clout  gkMt  viwiol  of  some  width,  aod  cut 
i«  strip  of  wuod  to  go  acroM  tlie  top;  prepare  three  narrow 
f-atriptiof  <y>pper,  aa  loug  aa  the  vveanl  is  doop,  and  fit  wiroa  to 
tiittm  ;  fix  out)  in  the  middle  of  the  bar  of  wood,  and  the  others 
(whoau  wir«(i  are  to  he  long  euuiigh  fci  reach  to  a  battery,  and 
ftllow  the  bar  to  bo  moved  abuut)  one  on  each  Bido,«i$  far  apart 
M  the  Tusael  allows,  all  three  bt^ing  in  one  plane,  but  not 
ttiuohing ;  fill  the  Tessol  with  a  good  silver  solution ;  connect 
the  outer  plates  to  a  strong  battery — one  Orove  or  bichromato, 
or  (our  SmeeiB  will  do — and  then  t>teadily  lower  the  plates  in, 
watching  them  with  a  stroug  light  upon  them.  One  reoiaina 
anaffiscted,  the  middle  one  Uikes  a  bluish  tint,  the  third 
bocoiutia,  as  by  a  Sash,  a  dead  white. 

The  middle  one  acta  chemically  on  the  solution,  is  partly 
diBBoWed  itself,  and  preoipitates  on  itx  surfacu  a  film  of  ailvor, 
thronch  which  the  copper  is  visible,  giving  the  peculiar  colour ; 
■O  Imigtb  of  time  will  greatly  thiokuu  thiadeposit;  but  if,  after 
pa  time,  it  is  connected  to  the  baltury  and  regularly  coated,  in 
all  lilci>Uhoad  tho  deposit  will  bluler  or  Htrip  under  the 
burnisher.  Tlio  plate  oonuected  to  the  eino  of  thi*  hiitlorpr 
rvuoivoa  a  truo  eleotrio  deposit,  which  under  good  condiUona  u 
au  rapid  a^  tu  produce  at  omce  the  dead  white  or  "  mat "  xilvvr. 
Tlio  plate  connected  to  the  positive  pole  has  been  ohaDgc<I  in  its 
eleotro-pular  relation  to  tho  liquid,  tlte  silver  aidoe  of  the  niok- 
onles  are  ttirnod  from  it,  and  the  action  of  the  (^a&og>.^n  rmliuals  i 
ii»oxult4^l  it  tboroforc  difleolves  more  rapidly  than  nnilur  ' 
ehamical  affinity  along,  and  it  can  no  longer  procipilatu 
the  nlror;  or,  at  least,  if  any  such  cheiiiic»l  dopiisit  ilot-a 
still  oocur  (which  cun  nuithor  bo  proved  nor  diMproved), 
tbv  silror  so  thrown  down  ohemicolly  is  inrtaDtly  rcdiwolvtd 
eleotrioAlIy. 

811.  This  is  iutvUigiblo  to  all  who  realise  tho  priuoipIeS' 
ezpUinod  in  Ohnptvr  Vlll.  on  £11  F.     All  clicniioal  roootional 
liave  their  spcoific  vollaooo  S  599,  which  may  be  +  or  —  ;  + 
vcjltaiioo  gives  onurgy  to  the  circuit  —  vottiinw  uliaorbs  it.     But 
tha  sotting  up  of  BD  KM  F  means  imparting  +  and  —  potmlial 
01'  directive  stress  in  the  circuit.     Tbcrvfom  this,  muMMirud  iaj 
Toltd,  means  an  ndditioo  of  +  or  —  toltanr<  to  oaoh  molecule  ittj 
tlie   riitio  of  thi:  volliigo  ntrcs^  it  ciihtfl  nndur  in  the  circuit.] 
It  followi  that  any  ohumical  aflSnity  i>iitnnil  to  any  two  sub* 
•tauouH  in  prvttonce,  may  he  eiUmr  exalCtd,  no  a«  to  lieoomo  actJTO^ ' 
or  no  mrulralit«d  U  not  to  dot,  by  just  the  voltaooo  ru(|nirod  to 
make  up  its  owa  voltanoo  to  tho  nocoMary  point,  j  ;8o. 

Ic  in  cvidi-iit,  then,  that  objects  to  be  coated  should  be  coa- 
uetjtod  to  tiic  buttery  b^on  imnttrtion. 
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8 1 3.  Now  take  a  etrip  of  eupper  and  one  of  BJlirer,  connect 
them  to  a  dolicato  galvauometttr,  and  pluiigc  them  into  the 
tiolution;  it  will  bg  found  ttiat  a  ooiisi<lerul>Ie  cnrrunt  is 
generated ;  this  teaohee  us  that  we  should  not  eammenee  ths 
deposit  in  a  vosscl  in  which  ohjeots  already  coated  are  at  work, 
because  any  combination  will  gi'ut-rate  its  own  current,  quite 
regardless  of  all  other  currents  pH^ng  lu  the  sume  vessel,  and 
thus  a  current  will  pass  between  the  new  object  and  those 
already  coated,  uotwitbstiinding  that  both  are  alike  eonneoted 
to  the  same  pole  of  a  sepaiute  battery.  If  one  bath  is  employed, 
a  separate  battery  should  be  used,  both  +  poles  connected  to 
the  same  anode  if  wo  please,  but  the  new  objeot  connected  by 
itself  to  the  ziuc  of  one  battery,  until  coaled,  when  it  may  lie 
transferred  to  the  other  oonuL-ctioua, 

8i^.  The  nroper  plan  is  to  have  one  large  bath,  in  which 
nothing  uliall  be  inserted  but  artiotee  already  silvered ;  by  this 
uieuuH  it  is  kept  from  coutaminatioD  with  the  base  metala. 
Smaller  quantities  of  sulutiou  bIiouU  be  kept  for  giving  the  first  ■ 
coat,  and  made  suitable  fur  the  different  metals,  for  a  good  deposit  ■ 
cannot  be  obtained  upon  Britannia  metal  and  other  powlers 
from  a  eolutiou  in  which  copper  has  been  plated;  thoy  also 
roquire  much  more  free  cyanide  of  potassium  than  copper,  brass 
or  GcnDan-«ilver  do ;  all  those  may  be  coated  in  the  same  bath, 
but  ono  ftt  a  time  For  the  preparation  of  the  objects  and 
mercurializing  to  asitist  adhesion,  see  $  74C. 

814.  Strikitiff  the  Ot/'ertj.^Tbis  term  is  used  for  the  production 
of  the  firat  film  ;  this,  especially  with  the  baser  metAls.  usually 
rwinircB  greater  KMf  than  ordinary  woiking,  but  not  too 
largo  a  trarrent.  The  way  to  effect  this  is  to  employ  n  high 
EMF  with  only  a  small  anode,  on  the  principles  described 
f  79S.     The  EMF  mtist  not  be  such  as  to  give  off  gas. 

8 1  J>  In  any  cose,  after  the  first  deposit  is  perfected,  the  object 
ought  to  bo  romoTed,  washed,  and  well  scratch- brnshcd,  to  wo 
tliut  the  deposit  is  perfectly  adherent,  as  it  is  less  impIouNiint  to 
Ktrip it  and  start  afresh  then  (if  neoossar^),  than  after  the  whute 
operation  is  suppusod  to  be  completed.  When  a  thick  coat  in  t<> 
ho  put  OD,  and  especially  if  there  are  ornamental  vAgtm  und 
poiutB,  it  is  well  to  exainino  now  and  tbcn,  and  if  any  nodutea 
^B  or  roaghoessee  are  forming,  to  iila  or  work  them  off,  perfectly 
^^  cleaning  the  article  before  leplaoing.  Objects  should  on  no 
r  account  be  touched  with  the  dry  hand,  hut  kept  und^  water 

I  containing  a  littJe  soda  or  potash,  and  haooled  only  with 

^^     perfectly  clean  hands. 

^^^      616.  UisooNNBcn'ED  OojarTS. — An  interesting  oiporiment  will 
^^k  iUattiate  the  j<recautious  necessary  to  obaorve  with  objects,  and 
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also  Utat  neculiar  Btat«  of  tho  liquid  which  is  oallod  polaritatioitt 
anil  wliioti  is  the  pritntkiy  conditiou  of  eleotrio  trauBuiisaioii. 
Sua|>etid  two  plates,  ooDDcctod  with  n  Imttcry.  as  far  apart  as 
the  voHSot  allows,  or,  say  6  inohos  or  8  inclios ;  in  tho  ceutre  of 
two  ptatt.>8  of  copper,  an  inch  or  so  squaro,  p(in';li  holes,  and 
rivet  Iheni  firmly  on  the  ends  of  »  stout  wire.  Now  suspend 
this  aiTani^ement  in  tho  liquid  botweon  iho  platoa,  hut  not 
touching  either,  and  haTing  iio  tnctallie  connection  with  the 
hattcry,  but  isolated  in  the  liquid.  After  a  little  time  it  will 
bo  found  that  tho  end  facing  tho  anode  is  well  coated  with, 
deposited  motal,  while  the  other  cad  has  evidently  boea 
dissolved ;  the  intermediate  wire  will  share  these  two  con- 
ditions up  to  the  middle^  hut  the  principal  action  will  be  on  tho 
«nds.  Tho  systom  has  been,  in  fact,  polarized  in  tho  same 
manner  as  cyliudcrs  are,  in  static  electricity,  when  approached 
to  a  conductor,  and  the  action  is  diatribntcd  in  exactly  tho 
Bame  way  as  a  static  charge  would  hare  been,  in  tho  opposite 
ratio  to  the  resistance  between  each  particle  and  the  conductor. 
'i'hiH  shows  that  nhjeots  shoald  noTor  bo  left  in  tho  Rohition 
when  not  being  deposited  on  ;  if  an  object  accidentally  fulls 
from  itM  wire,  it  should  be  at  onoc  removed  and  rcarmnj^d,  for 
if  loft,  thij>  olToct  will  1x1  produci'd  upon  it, 

Th«  effect  in  not  well  obsorvod  in  a  silver  solution,  owing  to 
tim  eliimviual  at^tion  of  tliu  O'jpi)or  ilself,  and  it  requiro*  a  strong 
ourront;  in  a  cupper  soluttou  the  action  is  striJcJngly  vixible 
after  a  few  ininuUia.  ' 

S17.  Akoogs. — Thesr  should  he  Hhoets  of  purr  silver,  around 
tho  tank;  or  in  small  veesels  strips  of  various  sixeii  may  be 
used,  so  as  to  he  distributed  about  the  objucti  an  rtijuired. 
They  should  not  bo  attaelied  to  copper  wire,  which  is  acted 
npon,  though  it  is  greatly  protected  by  a  thick  coat  of  solder 
ever  it ;  they  should  be  soldered  to  stont  iron  wire,  or  to  strips 
of  le-ad,  which  tho  solution  does  not  act  on,  and  these  should 
I  have  strips  of  copper,  well  silvered  or  gilt  at  their  upper  parte, 
for  slinging  upon  the  connections  to  tlio  batter^-. 

If  the  anodes  become  coated  with  a  greyisli  coating,  the 
Bolution  wants  more  (^aoide.  When  common  silver  is  used, 
the  anodes  in  this  case  turn  red  or  pnrple,  owing  to  cyanides  of 
oopper,  Ac,  forming ;  but  pure  silver  should  be  nsed,  so  as  not 
to  keep  a<ldiug  oopper  to  tlie  solution.  The  appearance  of  the 
anodes  is  the  beet  indicator  of  tho  state  of  the  solution :  if  too 
bright,  there  is  probably  too  much  cyanide;  the  happy  medium 
is  a  clear  chulky  appearance,  and  it  is  far  wiser  to  attend  to  the 
earliest  indioatiima  of  thu  auudt^s  than  to  wait  till  the  objects 
take  their  turn  at  ooinplaiuiiig,  whioh  uiay  voboxL  v^-it,  '«uxV. 
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Amiu  Vlat'mg.—'Vhxa  lotely-intrmlnwil  p-ow<m  clainiD  to  pro- 
daco  a  ugn-poroiiB  and  tion-taniiuliable  coating  of  silver,  hnnlor 
than  tiaual.  It  conakU  iu  the  use  of  niiodes  containia^  a  portbc 
of  wno.undprobiibl)-  the  additiouof  zino  cyanidoto  the  solution. 
818.  WouKiNO  THE  Solution. — A  new  eolation  docB  not  work 
HO  well  as  one  in  oonatftnt  use.  Tho  carbonic  acid  of  tho  air  acts 
upon  tho  cyouidu  of  potaeeiiiin,  which  theroforo  rcqniroa  to  \» 
ocoa)>ionally  added;  the  need  fiir  this  ia  indicatod  when  tho 
aolion  beooniea  eluggish,  ur  the  anodes  and  objects  become  dis- 
ooloured.  If  tht;  ubJQCts  alone  ore  dark  and  dirty  in  appc:irHUce, 
instead  of  clear  chalk  white  or  rich  cream  colour,  tho  curruut 
in  too  strong,  uiid  the  uuodce  ahonld  be  rodiiood  in  sisce  or  plucod 
fikrther  away  from  tho  particvtlar  object,  or,  if  the  fault  is 
gencnd,  the  pi:>WL-r  may  be  reduced.  Experience  nlone  o&a 
ti'iioli  nil  thf^se  dulails.  Tho  teraporatiiro  should  hf.  the  average 
0:11*  of  60"  to  70°  Fithr. ;  when  it  le  colder,  the  Bohitions  do  not 
work  BO  well,  and,  if  hottor,  leas  power  will  bo  retjiiirefl. 

After  a  time,  a  preciuitato  UBiUblly  forms  as  a  greyiah  white 
^^^  Hocculent  powder,  whioli  is  easily  stirred  «p,  ancl  iipt  to  Buttle 
^^^■Itai  the  artioIeB,  the  Bolutiou  should  therefore  lie  occasionally 
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Itered.  The  precipitate  is  mainly  impurity,  hut  in  some  cases 
it  may  contain  Hilver,  bo  that  it  is  as  well  to  oollect  it,  and 
when  worth  while,  bum  it_in  a  crucible,  with  a  litUe  nitrate  of 
potaxh  added. 

819.  Bbiobt  Dkposit.— Silver  from  the  aolutiou  deocribed  ia 
deposited  of  a  beautiful  dead  whito  or  "  mat,"  but  it  may  be 
deposited  with  a  brilliant  surface,  as  if  burnished,  by  adding 
bisulphide  of  carbon  to  tho  solution.  About  an  ounce  of  this  v» 
ahakeu  up  in  a  bottle  with  a  pint  of  strong  solution  of  <n'nnido  ■ 
of  silver,  and  plenty  of  free  cyanide.  This  is  added  occasionally  I 
as  required,  little  by  little,  to  the  bath.  It  should  Bot  bo  (ued 
on  the  small  scale,  as  it  ta  offensive  and  unwholesome ;  exo^tii^ 
when  in  rcj^lai'  u§o,  it  ia  also  apt  to  sjioil  the  Bolution.  The 
bright  solution  is  usually  only  used  to  finish  articles  in,  ua  it 
does  not  work  a>)  aatiefacturily  as  tlie  other. 

Sao.  FiNisHiNo  THK  Work. — On  removal,  tho  object  »hould 
first  l)e  dipped  in  water  containing  free  cvanido,  thon  riuHud  in 
boiling  water,  allowed  to  dry,  and  plaood  in  sawdtist  (box  or 
mahogany,  not  ]>ine).  AJ1  parts  intended  to  be  bright  iihould 
then  be  scratch-brushed,  either  by  the  lathe  or  by  emkll  luuid- 
bmshes,  Aft«r  this,  the  surface  should  bo  polished  with  iripoU 
or  rotten -stone,  and  whiting  and  rouge,  and  then  burnished  with 
brightly  polished  steel  or  agate  burnishers,  whioh  are  made  of 
various  shapbs  to  suit  different  work ;  the  object  should  bo  kept 
wet  with  soa|)-suds  while  bumishing,  or  some  use  statu  ale. 
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This  is  an  opOTRtion  requiring  much  praotioe  to  do  it  well,  and 
it  is  ill  fact  n  npcdAl  liiisinuis.  Curo  sliould  bo  taken  to  mnko 
tho  Htrokoe  of  the  biimiKhi>r  atwiiytt  in  tlio  aamu  direction,  or 
only  Hligbtly  dcrinting  from  it  wli(.-ru  murkiiigB  require  bumisli- 
ing  down  ;  l.lic  iEtTi>k««  should  nrvcr  bo  i^rotuod. 

811.  SixtiLT  S'li.UTiONs. — From  viirioiis  cuusm,  and  cluefly 
jrom  the  gntdiml  ncnimiilntion  of  t)ic  euXta  uf  putiiidi,  n.-aiiUing 
from  the  action  of  tbo  air  ujxio  the;  freo  (.'yuoido.  the  aolutioiiM 
in  time  become  bad  ;  they  do  not  di-|K«it  inct.ul  of  good  oloiir, 
or  the  deposit  teiiils  to  strip  iindur  tlie  biiriiieher.  It  tlieu 
becomes  tiocesaary  to  recover  the  melal  aud  niiikc  freah  sciliition. 
Two  proocMKH  arc  commonly  rccommeudod :  (i)  To  add  acid 
antil  all  tbo  metal  is  thrown  duwii,  and  then  molt  tbo 
procipitntc  after  drying;  this  i>n>«>«i  is  a  dangerona  one.and 
must  bo  oflbctcd  in  tbe  open  air.  an  jxiiiiunons  gaseii,  obietly 
pnunic  acid,  oro  given  <>IT.  Tbc  residiio  nuiat  hIhh  be  fnsed  by 
'acgrooi,  as  tbe  cyanide  of  silver  does  not  fnse  quietly ;  it  is 
"Wtter  lo  roduco  it  with  ainc  and  a  little  bvdrocblorio  acid — 
;tiiii  alao  in  the  open  air.  (3)  Evaponte  tlie  Holution  totlrv 
HirHH  and  ftiNo  till  tlio  nilrer  is  rednoed.and  wash  off  Uie  cyanii^e 
of  jKilaHHiuni.  wbidi  geuemily  oarries  Momo  uf  theailver  with  it. 
821.  The  plan  1  recouiniend  hna  tbe  advantage  of  economy  uf 
materials,  and  freedom  from  dKiiu;i'r  or  nuixaiicti.  Plaeo  tbe 
atdution  in  a  Inrgo  Ha^k,  fitted  with  a  safety  funnel  and  de- 
livi-ry  tuliejuiiiod  by  an  indiariiblHir  piptt  ton  widuglonN  tnl)e,  tbo 
^^  end  of  wliidk  dips  Iiiilf  an  inch  into  a  wobition  of  allvi-r  nitrate 
^Msin  aiiutbt'r  V(i(Mi.-l.  Isut\r  udd  Hulphiiric  aoid  graduallv  by  tbu 
^Httfety  fntiuul,  alluwiuK  tin-  ofTtTveaccnce  to  Hubiide.  onrl  shaking 
^Hthe  flunk  ut^canioiially;  oontiuui- adding  acid  aa  long  aa  it  pro- 
^Hduciu  any  freab  precipitate.  Then  by  means  of  a  sand-batli, 
^■ieat  tbo  flask  and  keep  the  solution  boiling  aa  long  as  a  ])re- 
^>  cipitalo  continues  to  form  iii  tbe  other  vessel.  The  precipitate 
is  puro  cyanide  of  silver,  and  only  needs  dissolving  in  oyaiiido 
of  potasdum  to  form' the  tiwh  solution.  The  precipitate  in 
tbe  flask  it  alao  cyanide  of  silver,  but  not  pure,  thougli  buIB- 
ciently  bo  for  use  in  most  cases ;  if  it  is  preferred  it  can  be 
reduced  by  sine  and  hydrochloric  aoid,  or  dried  and  fused. 
This  prooeas  saves  the  cyanide  of  putasaiuin  otherwise  required 
to  precipitati->  tbe  silver. 

Sij.  Gaoiso  SoLUTios.— There  are  many  formulee  given  for 

diBBolviiig  cbloride,  oxide,  or  fuUniuato  0/  gold  in  cyanide  of 

uiu.    Tb««e  ar«  all  ttoubleaome,  ezpeusive,  and  tbo  last 

igeroue.    The  best  plan  is  to  dinolve  cyanide  of  gold  in 

oyauide  of  potassium.    The  strcn^tb  should  be  from  half  to 

4oe  ounce  of  gold  per  gallon,  and  it  may  b«  ^i«^«x«A.  V3  ^iia 
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direct  proceBB,  as  dcenTitx-d  fur  silver  S  703.  ^nt  wiUi  gold  it 
requires  heat.  It  ia,  howl^vor,  better  to  prepare  tLo  cyanide 
chemically.  Pure  fine  gold  should  be  used,  but  it  may  bo 
obtjuued  from  any  alloy  by  dissolving  in  ai|ua  regia  (i  part 
nitric  and  j  of  hydrochloric  acid),  pouring  off  the  dear  liquid 
and  washiugB  of  any  residue,  eyaporating  olT  fi'ee  acid,  and  via- 
cipitating  tlio  Rold  by  prutosulphate  of  iron  (greeu  vitriol  or 
copperas),  of  vrhiob  about  five  times  the  weight  of  the  gold 
should  be  used.  The  gold  is  found  (after  stauding  an  hour  or 
two)  perfectly  pure  as  a  dark  brown  powder.  This,  or  '•  fiiio  " 
Bheot  gold,  is  to  be  dissolved  in  aqua  refiia  a^  before,  and  free 
acid  driven  off,  care  beiug  taken  that  no  yellow  powder  is 
formed ;  if  it  is,  by  too  much  heat,  a  di-op  or  two  of  acid  must 
be  added  to  redissolve  it.  Tliis  solution  should  be  largely 
diluted,  and  cyanide  of  potassium  added  aa  long  as  any  pre- 
cii)itato  ia  formed.  Thiaia  the  cyanide,  a  lemon-yellow  powder, 
which  only  requires  to  be  sepaiatcd  from  the  solution,  waahod, 
and  diaaolved  in  cyanide  of  potassium.  These  are  the  usual 
iiistruotiunti,  but  I  advise  a  little  further  proceeding,  to  avoid 
any  risk  of  loss  of  gold  by  not  hitting  tltc  exact  point  of  preci- 
pitation. Add  a  triflo  too  much  oynnide  of  potassium  so  aa  to 
insure  complete  oonvorsion  and  rodifisulving  of  a  little.  Filter 
off  the  cyanide  formed,  and  to  the  solution  ftdd  eulphurio  acid 
till  it  gives  an  acid  reaction,  and  filter  off  after  stADding  for 
some  hours.  Even  then  thern  is  a  risk  of  the  alkaline  salts  dis- 
solving some  little  gold,  but  this  may  Iw  recori,>nKl  by  sctling 
ttie  solution  aside  with  some  eorttps  uf  xinc,  which  will  throw 
down  any  gold  so  dissolved. 

lu  dissolving  common  gold  there  is  often  found  a  residue 
wliieh  obstinately  resisU  solution,  yet  retains  the  form  and 
workmanship  of  the  urigioal  article ;  this  is  the  silver  of  tlio 
alloy  formed  into  a  dense  chloride. 

T'be  chloride  of  gold  solution  may,  if  preferred,  bo  ncntnl- 
ized  with  caustic  soda  or  potash  (not  carbonate)  until  it  is 
decidedly  alkaline,  and  then  either  cyauido  of  potassium  may 
be  added,  or  hydrocvanic  acid  diatilled  into  it  to  tnrowdown  the 
t^anide  of  (;oId.  This  eciliition  is,  huworer,  very  apt  to  ruiain 
gold  in  solution  with  the  residuary  alkaline  salts.  If  amivuuia 
IS  used  instead  of  the  fixed  alkalies,  a  precipitate  is  formed, 
wliioh  is  fulminate  of  gi^ld,  and  must  not  be  dried,  lui  it  becinuMK 
Tiolently  explosive. 

82s.  Spoilt  Solotioms. — These  should  be  treated  as  deaoribed 
for  auver,  |  83 1 ,  but  the  resultinx  <!yAiiide,  which  will  prohuhly 
oontain  other  metals,  shonld  be  dried,  mixed  with  its  weight  of 
lithar^,  and  fiised.    The  residue,  after  washing,  is  plaoud  in 
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cxovcu  of  uitric  acid,  which  will  disHotvo  oat  tlie  Xeai,  &0.,  and 
tuuv«  the  gold  pure. 

815.  Oitmso. — This  procoae  is  nitich  moro  rapid  than  any  of 
the  othore,  aa  a  few  minutes  is  usniilly  onough  to  ^vo  a  good 
dopo«it ;  this  is  due  to  tho  high  oqaivalont,  197,  so  that  the 
Bamo  current  deposita  nearly  twice  n«  much  as  it  would  of 
itilvor,  and  more  than  six  times  a>  nitioh  as  it  would  of  copper. 
Gold  liun  also  very  great  covering  properties,  and  a  much 
thiniiCT  film  gives  a  hotter  appcaranco  and  protection  than  a 
Kiiuilar  tliickiicBs  of  other  metals  would.  The  UHual  diflioulty 
iuduud  in  that  the  work  is  done  too  fast.  Hmall  battery  power 
is  needed,  a  sinclo  Smeo  having  sufficient  foroe  for  small 
articled :  hnt  with  large  surfaces,  and  especially  when  a  deep 
colour  is  desired,  two  Grovos  may  be  used ;  the  poiut  to  bo 
aimed  at  is  to  have  tho  E  M  F  just  below  the  point  at  which 
gSM  it])ucara  on  the  objects. 

Small  objoota  may  bo  gitt  together  in  numbers  by  putting 
into  an  earthenware  basket  with  a  eonnecting  wire  to  some  of 
them,  and  shaking  about  in  the  solution,  ao  as  to  expose  freali 
surfaces  oontinunlTy. 

81^.  Ukat  IK  611.MN0. — The  solution  is  to  be  heated  in  a 
glasB  or  enamelled  iron  vessel  to  i)o°- 180"  Fahr.  The  warmer 
the  solution,  tho  darker  the  colour  of  the  gold,  which  is  to  be 
oontrollod  by  regaUting  the  battery  power  and  the  heat.  The 
anode  should  have  the  same  surface  as  the  object,  and  should  be 
fine  gold ;  tho  objoot  should  be  kept  in  constant  motion,  and  if 
the  colour  is  too  dark,  iU  distance  from  tho  anode  increased. 

tiilding  is  one  of  tho  most  difficult  processes  to  teaoh ;  its 
variations  are  so  great  that  only  personal  experience  can  be  re 
lied  on,  as  the  colour  will  \vies  from  pale  tn  dark  wiih  very  slight 
changes  in  the  hoat,  or  with  different  degrees  of  motion. 

When  the  ■olutiou  is  to  lie  set  aside,  water  should  bo  added 
to  reidace  that  evaporatod  oft'  by  Iha  heat ;  and  the  liee 
cyaniuo,  if  needed,  shoidd  he  added  at  the  same  time. 

e36A.  Tinted  GiLnrNu. — The  colour  varies  from  palo  yellow 
to  a  deep  tone,  according  to  the  heat,  density  of  current,  Ac  ; 
hut  definite  tints  are  also  produced  for  purposes  of  ornaments 
tion,  by  variations  in  tlie  solution, 

Qreen  gold  deposit  is  produired  hy  adding  cyanido  of  silver  to 
the  solution,  or  working  it  from  a  silver  anode  till  the  desired 
tint  is  obtained. 

Sed  gold  is  obtained  in  tho  same  way  by  the  oso  of  copper. 

In  working  these  solutious,  anodex  of  alloys  of  tho  proper 
<;^uaHly  should  be  used,  or  separate  aiiudcs  as  in  S  C^6.  Various 
tuts  may  be  obtaiaed  by  ibdjusting  tho  proportions,  or  even  b^ 
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ahiftinp;  the  articlos  from  ono  oolution  to  tuiother.  and  allowing 
a  mcro  blueh  of  dopoeit  to  form  in  each  :  thOBe  being  slightly 
transpareut,  various  colour  effects  may  be  obtaiued,  though  they 
will  not  be  very  permanent. 

837.  I'/wrtrftii/fAo/Mcso/wiion  varies  greatly  uudor  work,  owing 
to  the  actions  referret!  to  S  iSj,  and  to  the  fact  that  cyanide  of 
potnsBiiim  dissolves  gold  pretty  freely  while  hot;  therefore,  in 
addition  to  the  solvent  action  of  the  current  on  the  anode  there 
is  this  direct  chemical  action  on  both  anodo  and  the  deposited 
gold.  Therefore  the  deposit  may  at  timot  reprc"ont  little  more 
Uian  three-fourths  of  the  cold  taken  from  the  anode,  while  the 
solution  tends  to  bo  enriched  and  the  tree  cyaoido  to  be  nsod 
up.  This,  however,  is  met  by  using  smaller  anodes,  and  the 
usual  tendency  in  working  iu  to  impoveriati  the  8oll)Uon  hy 
eoonomieing  the  costly  anode. 

The  colour  0/  the  anode  is  a  vary  Bonritivo  teat  of  the  state  of 
the  Holntiou,  and  immediately  shows  whether  the  free  cyanide 
is  deficient,  by  becoming  foxy ;  od  the  other  hand,  it  ought  not 
to  become  bright,  but  be  of  a  clear  dead  yellow. 

02fl.  Fiiii*kin<i  :6  offooted  prociiwly  u  doacribcd  for  silver. 

Colourinif. — If  the  colour  is  bod  it  may  bo  made  rich  by  the 
following  mixture :  Que  part  each  of  alum,  sulphate  of  rino, 
aud  common  salt,  and  two  pnrta  of  saltpetre  are  mixed  in  water 
into  a  paste,  which  is  to  be  smeared  over  tho  articlce,  which  are 
tliL-u  pliii.«d  on  an  iron  plate  ujHin  a  clear  firt*,  hoatod,  and 
thrown  into  cold  walur.  A  bad  colour  iu  nilvor  mar  bo 
remedied  with  liorax  applied  and  (duiUarly  treated  till  it  inm.--». 
Articles  united  with  soft  solder  cannot  be  treated  by  tbeiiu 
processes. 

Big.  Pi.iTiNo  Ikon  and  Stksi« — For  some  reason,  difficult  to 
understand,  it  is  impowuble  to  obtain  an  adlierent  ot>utlng  of 
cither  silver  or  gold  directly  upon  iron  or  steel,  no  matter  Iiow 
perl'ectly  the  sTirfuce  may  have  been  eteancd.  It  is  therefore  ■ 
oUHtciiiioiy  to  deposit  first  a  mere  6Im  of  copper  from  an  alkaline  I 
Aolutiou,  aei  previously  described.  A  film  of  mercury  would  have 
advautageH  over  that  of  copper,  for  the  same  reasons  that  anoh 
a  £lm  is  frequently  used  upon  even  copper  or  brasft,  to  secure 
a  mors  perieot  union  between  the  metals,  liut  iron  reeists 
uuion  with  mercury  as  well  as  with  silver  and  gold,  and  it  is 
very  difficult  to  coat  its  surface  with  a  perfectly  even  homo- 
geneons  amalgam,  though  many  processes  have  been  suggested 
aud  said  to  be  suooeasful.  That  which  I  have  found  beat  con- 
sists  of  a  mixture  iu  equivalent  proportions  of  the  nttiates  of 
silver  and  mercury,  in  quantitice  represODted  by  about  %o  QT.ot 
each  metal  tea  pint  of  solution.    The  mPtals  are  to  be  separately 
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disaolreil  in  j<ist  mifiloient  nitric  acid,  tho  mercury  in  dilute  and 
«old  Add,  and  then  mixed,  sufBciont  froo  nitric  acid  Iwiug  kept 
ill  the  eolution  to  feebly  act  upon  iron  when  plunged  in  it. 
Tho  tn«tal  leaves  this  solutioD  covered  with  a  dark  powder. 


bo  riMUbved,  wa«hed,  dried,  and  heated  to  ahout  400°  Fahr. : 
ita  fiurr4ice  shonld  bo  then  §cratoh-bmBhcd,  and  tho  article 
replaci'd  iu  the  silvering  eotutiou  till  a  sufficient  con  ting  has 
been  deposited.  Iron  and  steel  may  also  bo  amalgamated  by 
rubbing  with  sodium  amalgam  after  well  oloaning,  and  may 
then  bo  plated  in  the  some  way  as  other  metals. 

8to.  NicKKL  Platimo. — I'hia  proccBS  has  como  into  much  ubo 
in  the  last  few  years,  and  bids  fair  to  bo  very  largely  employed 
for  many  articles  In  common  uso,  Thoro  is,  however,  much 
niisoonception  as  to  tho  i>urpoBo  and  advautagos  of  n  coat  of 
nickol.  It  takes  a  very  brillinnt  polish  of  a  ohiish  tint,  and 
the  h.-trdneHH  uf  ihe  metal  enahIeK  it  to  retain  that  paliKh  much 
lon^;r  than  nitver  docs;  tlion,  tiiiliku  Kilvi-r,  it  in  nut  aflonlCHl  by 
BtilphunTttiHl  hydrogou,  and  docs  not  blacken  with  tho  guaeS 
i;ivt.-n  off  from  burniug  eoal  or  gas;  it  is  therefore  admirably 
adapted  for  »uoh  pnrposea  as  eh op-lit tings,  and  imrticularly 
Boaleaand  weights,  which  would  mi-rcly  re«)uin>  to  lie  wunhed 
or  wiped  iu  order  to  keep  them  olutn;  and  fur  wiuOuw-frumoa 
and  doora-plutes,  which  would  long  retain  their  boatity  with 
little  lalKitir.  But  it  is  often  stated  tliat  nickel  ruwidta  acids, 
and  tliis  is  not  tho  case,  fur  all  the  ordiuary  aciila  diHsulvc  it 
freely  ;  it  is  therefore  not  suited  fur  iustniments  to  be  used  in 
chemical  laboratories,  or  where  acid  fumes  prevail ;  nor  is  it 
adapted  for  lining  to  vessels  used  for  cookery,  as  silver 
is.  Howover,  although  nickol  is  very  closely  allied  to  iron 
in  it«  olicmical  pnipcrtios,  it  dot-s  not  rust  in  th<j  nlr, 
tliough  it  tnkoH  a  yollow  tunish,  which  may,  howover,  often 
bo  due  to  an  aotiou  on  tho  underlying  motal  through  the  pore* 
of  tho  coating, 

631.  Nickd  SotfittoH. — Nickol  may  bo  dopoeitod  from  almost 
any  of  ita  solutions,  but  oompounda  of  the  mctnl  with  alkaliea 
work  bettor  than  tho  plain  salta  of  nickel.  The  ryanidp  of  nickel 
and  potftwjum  works  well,  and  is  said  to  be  impn>vod  by  tho 
addition  of  common  salt.  Tho  chtoriiU  o/nickrlam  ammnnJum  is 
also  a  mjod  solution,  and  may  bo  made  by  passing  a  cnrrvnt  from 
a  nickel  anodo  into  a  strong  solutian  of  ammonium  chloride,  lui 
deacrilxid  for  Biivcr,l70i.  The  compound  of  nickel  and  ammoniit 
with  sulphuric  acid  is,  however,  tho  beet,  and  U  haa  !-«()  Kvivoa. 

1  ». 
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Tbo  amtnoiiw  mlphate  may  bo  prepared  by  dissolvinf;  crystals  of 
uickcl  faulpliEitc  in  liquid  atDiuonia,  I'ormiDg  a  dark  bluo  solution ; 
it  cauuot  be  recommcadod,  Ijccatieo  it  constantly  loses  aiumonia. 
The  sulphate  of  nickol  fomiB  NiMO^  +  711^0  i;;  -J-  lafi  =  18 1, 
gioen  rhombic  prisms  contaiiuDg  7  atoms  of  water.  iSulphato 
of  ammonia  (NH,)jSOj  =  ija  h<ui  the  property  of  repladnfiono 
of  tlieae  atoms  of  water  and  forming  tho  double  crystal  NiSO^ 
(Nil,).j  SO,  -f  6H3O  =  }9^,  a  saturatod  solutiou  of  which,  with 
a  little  water  added,  to  diminish  tho  tendency  to  crystallize^  ia 
tho  eohition  to  bo  uscil.  Eight  oiineos  to  the  gallon,  making 
a  solution  of  sp,  gr.  t  'o6  at  60°  Fahr.  is  found  to  work  well. 

Tho  sulphato  can  bo  made  by  iliesohdng  crude  nickel  iu  the 
acid,  and  purifyiugit  from  other  motals,  such  as  iron  and  copper. 
Tho  duublo  Halt  crystallizes  out  od  addition  of  sulphate  of 
ammonia  in  oxcei^  to  the  siilphnto  of  nickel,  as  tho  double 
siilphato,  though  freely  solublo  in  water,  is  insoluble  in  tho 
sulphate  of  ammonia  solution,  which  will,  therefore,  throw  it 
down  out  of  old  isolutioua  if  desired.  Ah  tho  double  salt  is  an 
article  of  oonimerce,  it  is  better  bought  than  made. 

8)2.  A  Bolutiou  whiuh  is  aaid  to  give  adhorotit,  wLito,  and 
Kuft  deposits  is  mudo  uf — 

Sulphate  of  uiokol     .. lib. 

Xeutral  tartrate  of  ammonia ii'Sounooa. 

Tannio acid  in  ether  solutiou "3      „ 

AVater t6  pints. 

1  have  not  tried  it,  but  tartaric  acid  oertainly  has  some  valoablo 
actions.  The  addition  of  borax  or  boracic  acid  to  the  BoIutiOD, 
introduceil  by  Wostou,  u  coDEidered  to  diminish  tho  toudenoy  to 
give  off  hydrogen. 

8)}.  Bhiout  NiCKEi.tKa. — Mr.  Waneu  tays,  !u  the  Ckemked 
JVciM.  that  trying  biautphido  of  carbon  as  with  eillvor,  he  got  a 
black  dejKisit  whioh  could  not  be  polished ;  but  on  using  a  ■ 
rerj  Utile  ho  obtained  briliiaut  ooatinKB  which  noodod  no  bur-  ^ 
nishiug.  llo  shook  toj^tlior  in  a  bottle  a  gallon  of  tho  plating 
liquid  and  i  oz.  of  biHiiliihlde,  allowing  to  sottlt-,  and  adding 
I  pint  to  100  gallons  of  the  working  solution. 

B)4.  Tho  anodes  ai'e  made  in  both  oast  and  roHud  motal;  tho 
cost  ones  at^  to  be  proferred.  Nickel  melts  e^isily,  cspodnlly  if 
a  littlo  tin  or  phosphonis  is  added.  About  0  inches  square  of 
anodo  surface  is  used  per  gallon  of  solutioD.  and  the  anodo 
surface  is  always  kept  in  excess  of  that  to  be  plated. 

61J.  Vepoiitinii  txllt  or  volt  loay  be  made  01  wood  bolted  to- 
gether at  the  ends  and  coatod  with  asphaltum  oomont.  Jlut  it 
18  bettor  to  use  wooden  casings  lined  with  6  lb.  sheet  load,  the 
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joints  of  wluoh  amst  not  1w  suldured  l>ut  httrnl  with  tho  hlovf^ 
)>ipe :  there  ahould  also  be  a  lining  of  thiii  runtchbonrdB  to  provont 
ftouideatal  contacts  with  ttio  It^.j 

8j6.  DEiKisiTiNti  NicKEi.. — Tho  real  difficulty  lica,  not  in  th« 
Holcetiou  of  a  Bolution,  but  in  tha  managumemt  of  tho  operattou, 
for  oickel  is  difforont  from  any  of  Uift  ordinary  motalB  hitherto 
described,  in  that  its  doposit  is  always  nccompaniod  by  a  ooii>  : 
sidcTniile  evolution  of  hydrc>gon  gas ;  this  is,  of  ooureo,  pur» j 
waato  of  power,  and  the  object  to  bo  aimiNl  at  is  to  gel  as  littla 
f;as  and  as  much  nickel  as  poutible.  Auothor  oonHoquenoo  io, 
that  llio  deposit  is  apt  to  cuntuiii  gas,  and  therefore  to  bo  porouB 
or  flaky,  in  which  case  tho  cmitiiig  tends  (us  soon  as  it  reaches 
a  moderate  thickness)  to  uplit  and  eurl  up,  and  separate  ID 
brilliant  films.  'J'o  prevent  this,  the  Eolation  should  bo  strong, 
and  the  power  carefully  ailjiisted  to  the  work  doing.  A  hiph 
E  M  l'\  s  or  6  volts,  is  needed  fur  the  "  striking,"  §  1<)S,\  Init  in 
the  working  from  '3  to  i  volt  ia  sulSoient,  nccurdiug  to  tho 
conditions. 

Tin:  rosiistanoi' of  the  depoe! ting  cell  must  l>o  oontrolW  by 
means  of  nnipio  anode  surface,  fully  as  large  as  tho  objects. 
I'he  Kulutien  niuat  be  kept  neutral  or  very  slightly  alkaline  by 
a<lditton  of  ammonia  when  necessary,  this  being  tho  most 
essential  detail  of  tlie  prooets :  tll6  tendency  of  all  amnioniuctd 
mltn  is  to  l^ccumo  acid  by  losing  ammonia,  and  any  free  acid 
thus  produced  preventd  metal  from  depositing,  or  redissolves  it 
in  the  oat  uf  dcgioniting,  giving  off  hydrogen  in  its  place. 

The  snrfaoo  of  tlio  nickel  de]iosit,  when  good,  prcients  a  vciy 
peculiar  uppearauou;  it  is  not  bright — a  bright  depo.sit  will 
usiuJly  puul  yif— but  of  a  dull  yeUowish  colour ;  after  removal 
and  washing  it  has  to  lie  worked  up  to  brightness  by  tho  narnal 
processes  of  polishing.    Motion  is  a  great  advantage  in  niokeliug. 

8]7.  IttON  DxrouTixo. — Iron  has  very  great  onomical  resem- 
blances to  nickel,  and  most  of  tho  remarks  moda  upon  tlie  latter 
motal  apply  also  to  iron.  The  solutions  arc  corrcKponding  ones, 
in  which  iron  takes  tho  pineo  of  nickel,  but  owing  to  the 
t«ndency  of  iron  snlts  to  imuis  into  a  higher  state  of  oxidation, 
they  spoil  rapidly.  Hydrogen  is  given  off  alno,  and  it  would 
appear  that  the  cfirrcsponding  oxygen  appoors  at  the  anode, 
unites  there  with  iJic  iron,  and  thus  tends  to  tho  production  of 
basic  salts.  Many  solutions  have  been  trieil,  and  tbo  student 
will  find  an  chtborato  series  of  experiments  by  Mr.  A.  Watt,  in 
Tol.  A7  of  the  Elcelrkian.  No  deposit  can  bo  obtained  from  a 
solution  of  n  ferric  salt ;  in  those  tlio  nction  lakoH  the  form  of  ft 
goneratiou  of  hydrof^n  at  the  cathode,  which  reduces  tho  salt 
to  the  ferruus  condition ;    at  tho  anode,  meanwhile,  icwv  \ik 
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tllsuulvcil  by  tlio  &ciil  set  freo  until  &  HQntml  r<.-iTi>uii  aolation  i 
is  produced.  lu  consequence  cif  tliis,  nii  iron  Kolntion  wfaloh  Is' 
QMilt  cither  liy  aotioii  uf  tlio  uir  or  l>y  geuerittiou  of  Iwitc  salts 
may  be  renovated  by  aililing  Uie  pro]>er  acid,  aud,  if  Dooded, 
hcftting  it  till  it  l)econice  clear,  aiid  passingcurrunt  from  auiron 
nncide,  Mr.  Watt  aescrts  tliftt  fot  ric  salts  will  depoait.  tboiigh 
not  sati8r«<!tory  ;  but  I  think  he  has  not  taken  ftctxnmt  of  what 
CK;c!unt,      Tiu!  action  just  Btatfd  will   occur   directly  ciirrunt 

Csee,  and  the  film  of  liquid  in  contact  with  the  cathode  at  onco 
om<«  a  furroiia  salt,  and  from  thia,  uot  from  the  ferriooJulion, 
Lo  got  what  iron  waa  deposited. 

8jB.  Tho  solution  which  is  found  beat  IB  (aa  with  nickel)  Iho 
uintuoiiio  aulphato  of  iron,  obtained  by  dissolvin);  equivalent 
proportions  of  sulpbato  of  iron  (green  vitriol  or  oopporoif)  ijq 
jtariB,  and  enlphnto  of  nmmonia  6i  parta:  it  can  bo  obtAininl 
ready  crystallizod,  as  it  is  used  in  photography,  bnt  is  niado 
more  cheaply.  A  good  working  Eolution  may  wlao  bo  niitilo 
by  paEBing  current  from  an  iron  anode  into  a  eolutiou  of  i  part 
eal-ammoninc  in  lo  of  water. 

It  IB  ooUBidercd  that  Ihe  addition  nf  ammonia  saltB  of  orgauio 
aotds,  tartaric,  acetic,  and  especially  citric  acid,  iinpruvee  the 
HoliitioiiM,  and  I  have  found  tliut  thu  aitditton  of  a  proportion  of 
glycerine  tu  tho  uolutiou  diminifhcn  tin  tendunoy  to  s]ioil. 

619.  The  teorking  ie  much  like  that  of  nickel,  «xc«pt  for  tho 
ti^iulonoy  of  ferrouH  *alta  to  oxydinu  into  ferric  BiJts,  i-apeoially 
if  there  in  any  fne  acid  present.  (Jas  is  always  givtn  off,  and 
it  ia  found  that  strong  solutions  do  uot  work  well.  The  anodes 
should  be  about  tho  same  area  as  ihe  cathode,  and  tho  solution 
bo  kept  neutral  or  slightly  ammouiacal. 

640.  Tho  deposit  of  iron  is  likely  to  have  aoieutific  tisc«,  av  in 
examining  tho  laws  of  magnetism,  but  uot  extenaivo  practical 
application.  Its  princiual  ntility  is  likely  to  be  in  tua  oamo 
direction  in  which  it  bna  boeu  used  for  soiuo  years — vix.  for 
printing  purpose*.  It  has  boon  used  to  givo  what  is  called  a 
"steel  face"  (o  copper  plates,  by  depositing  on  thorn  a  thin  ■ 
film  of  hard  cryatAlline  iron  which  docs  not  ecTiouiOy  a&xt  tho  I 
H  fine  lines  of  engraving,  but  wears  much  longer  than  copper,  and 

^H  when  defaced  can  be  dissolved  by  acids  and  renewed,  without 
^H  tho  plitlo  itHcll'  buing  subjected  to  wear.  It  takes  tlie  ink  welt 
^B  also,  and  will  work  with  Home  inks,  such  as  vorniiliuu,  which 
^^  are  useless  witli  copper.     It  would  probably  antwvr  well,  also, 

I  fur  facing  to  ordinary  typo. 

H  841.  PLAriMUM. — This  is   au   oxcriedingly    diRicult   metal  to 

H  deposii.  that  vs.  as  "  roguliue  "  metal ;  it  is  ca«y  enough  to  get 

^^        aa  a  black  powder.     T^  deposit  is  crystalliuv  aud  brittle ;  but 


k 


845.]  W,ATIHD1I.  421 

it  is  sftkl  tbat  good  non-porous  contiiigs  kto  to  bo  obtAinod  now, 
vMcli,  howorer,  I  will  not  maintain.    Tho  gr«(tt  drawback  isJ 
that  no  Buliition  nets  on  tho  anodo :  tbo  platinum,  tburoforo.  ia* 
wholly  derived  from   tho  iwliition,  and    mast   bo  replaced  mJ 
chloride;  this  non-actJnn  of  chlorino,  ovc»  nasoont,  and  in  th« 
elootric  circuit,  is  very  diJHciilt  to  iindt-rsland,  boonnwi  platinum 
is  ch'.'mically  di:«olve<l  liy  chlorine,  which  nnit«»  with  \t  rc-adily 
as  haUh.     a  Hiuall  "  ciirrunt,"  or  riithor  smiitl  dennity  of  current, 
ill  ri^ipired,  in  ordur  to  prevent  unduu  goueratioii  of  gnu  and 
black  deposit.     I  have  found  that  a  "  doueity  "  uf  5  ainpuro-fuut 
S  777,  ia  tho  utmost  ourreut  to  ho  iDsml,  with  a  vulta^  of  I'J,  to 
(jvorcunic  tho  rutiiiiLauao  uf  thu  HolutiunA. 

842.  It  itmy  bo  uutud  tliat  aomu  mutaln  aro  more  difHouIt  to 
wiat  than  others,  and  that  a  prLdiuiiuiuy  coat  at  iiilver  (a  inero 
Idtiah)  will  facilitate  deposit.  Tho  ohjocU  ought  to  Ito  tlioroughly 
jwjiihhc'd  first,  as  tbesmooth  siirfaoo  does  not  fro©  ga*i  so  readily. 
i'lie  current  f>]uivalent  varies.  I  have  obtained  44  to  48,  tho 
theoretical  vaUio  being  49  ■  j  =  i  of  II. 

8«.  I'Ifttinio  chloride,  FtOI.,  on  tho  cqiuT-aiont  notAtion,  or 
rtOlf  on  tho  atomic,  iK  tho  bimia  of  nil  thu  solutions  of  plntiniira. 
Jti  propanttion  rcqnirw  Komo  precnntionH,  on  it  ntuat  nut  lio 
hoatod  at  any  time  bt-yoDd  tho  heat  of  tho  n'ator-batb,  or  a 
change  tftknit  place  which  in  not  corrvctly  stated  in  tho  tist- 
biKjks.  Thi;y  nay  that  phitinouM  chloride  is  prodnccil,  whiili 
will  mdiittialvo  in  oxuvnu  <if  acid.  I  hnvo  found  that  ovt-r- 
liL-iitinz.  even  with  groat  cxocwt  of  acid,  tuniit  tJiu  nulution  a 
dark  olivo  iuHload  of  olwir  yullow  (or  rctl  if  iridium  in  iirt-itetit). 
and  that  a  blaok  powder  in  formud  which  oannot  Ik:  rodiiuiolved 
without  drying  and  heating  to  red :  it  may  bo  that  this  ia  duo  ■ 
to  tho  other  metals  usually  aocompanyinf;  platinum.  I'latinum  ■ 
loft  in  a  bottlo  with  aqua  rcgia  ( i  nitric  and  )  hydrochloric 
nciilj  will  diMolvu  in  time,  but  tho  process  is  a  very  lent;  000 ; 
hiMiting  iu  a  water-buth  hostcusit;  it  should  tbon  bo  cvajio- 
ratinl  to  drynl.^8a  iu  thu  bath,  dissolved  in  a  little  water,  and  if 
dciiirod  loft  to  crystalliw.  This  solution  may  bo  used  to 
dc]>ofiit  from,  but  it  requires  very  groat  caro. 

844.  Sodio  jiluUinio  chloride  is  obtained  by  adding  1  oquiralcnt 
of  common  salt  (58-;)  to  1  cijuiTulont  of  platinic  chlorido 
(169-5),  whiob  (nirrMiignds  to  gS'j  of  platinum  in  tiolution:  it 
may  im  crystallizc<l  as  a  yullow  salt.  'I'llis  doi>o«i(a  :noro 
oanily  ttiau  tho  chloriilo. 

S45.  A  still  bolter  solution  is  made  by  adding  to  thu  fon>> 
going  aliout  4  wjuivalcnts  (fij  X  4  =  3^l)  of  oxalic  iwid,  and 
then  rendering  thu  srdution  strongly  alkaline  with  cau«tic  mxla. 
This,  iu  fact,  in  tho  best  eolutiou  I  have  tried.,     ^k.  «\'ai'Ct«  vma 
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may  bo  made  from  flw  yellow  procipltato  fonnctl  hy  aimnoniam 
or  potassiiini  chloritle  with  plntinic  chloride.  ThoBO  precipi- 
tates are  soluble  in  oxalic  acid  (a  fact  not  notiocd  in  tBo  toxt- 
books,  eo  far  na  I  know,  or  in  Storcr's  *  Dictionary  of  Solubili- 
ticB ') :  more  of  the  acid  ia  roqnircd,  bowever,  nnd  the  ammonia 
prccipit-ate  rcqnireH  boiling.  The  aodium  form  is,  howevor, 
preferable,  as  most  stable, 

846.  Bxtlgcr  Bays,  that  with  fresh  amraonio  plBtmnm  cLlorido 
diaaolved  in  couceiitratod  aoliitiou  of  citr»te  of  Boda,  forming  a 
dcop  ornugc  aolutiou  rc-ry  rich  in  platinum,  two  Banson's  cells 
give  a  1iiBln,>iia  homogi-neous  deposit. 

847.  Rimcleur  reoommenda  10  porta  of  platinum  convcrtotl 
into  platinic  chloride,  dtasolviid  in  500  pnrtswat^r;  100  parts 
Orystalli/cd  phosphato  of  ammonia  in  joo  partit  waf«r ;  theoo 
t«fo  Ix'iiip  stirred  together  a  jirecipitato  in  formed :  500  part*  of 
crystal lized  pbosijhate  of  soda  dissolveJ  in  locxj  of  water  art) 
now  added  and  tno  whole  boiled  as  long  as  ammonia  is  given 
off,  and  nntil  tho  liipiid  has  an  acid  reaction.  The  solution  is  to 
bo  UBod  hot,  with  a  strong  buttery. 

648.  WahFi  lolalitm  is  highly  spoken  of;  it  is  based  on  platinte 
A^drnte,  which  may  bo  thus  obtained;  i.heat  a  concontratod 
solution  of  the  chloride  with  sulphuric  acid,  until  dty  ;  3,  dlH- 
Eolvo  the  Bulphnto  thus  produced  in  water,  precipitate  with 
carbonate  of  lime,  then  wash  with  woak  acetic  acid  to  remoTe 
OXCO6B  of  lime  ealtc,  nnd  with  water :  it  is  n  brown  powder, 
whioh  decomposes  if  heated  to  tho  boiling  jmint  of  water,  and 
ia  freely  mlublo  in  mogt  adds,  and  in  alkalies,  with  which  it 
ncUt  the  part  of  an  acid.  The  oxalate  is  recommended  as  tho 
biwt  acid  :  1  ounce  of  the  hydrate  to  4  ouucco  of  oxalic  acid  in 
r  gadlon  of  dijitilk'd  wattr. 

The  alkalina  tnlfttion  ia  made  from  hydrate  2  ouncoa,  cauatio 
notuNh  or  noda  8  ounces,  water  i  gallon,  using  half  the  allcal! 
in  n  (luurt  of  water  to  dissolve  the  hydrate  with  stiiTin^,  and 
then  adding  tho  rest:  it  reqturea  a  force  of  3  volta  and  gives  a 
Bilverr  whit«  coating  anon  copper  or  braaa ;  there  should  l>o 
very  little  hydrogen  given  off  at  tho  cathode,  but  abundant 
oxygen  at  the  anode.  This  metal  ia  eaid  to  be  softer  than  that 
ftom  the  oxatato  solution. 

849.  WahVa  ancde  trealmettl.  Thia  appears  to  be  veir  promis- 
ing :  the  diiBoulty  of  non -sol utility  ia  very  imperfectiy  met  by 
adding  balta  of  platinuui,  ua  tliia  coutinually  alters  the  solution, 
but  the  addition  of  ptatiiiic  ht/drate  haa  no  anch  efTect,  and  may 
be  adopted  with  any  of  tlio  solutions  doeoribod.  In  aolationa 
with  muoh  free  acid  or  alkali  which  diesolvca  the  hydrate,  it 
must  bo  added  oooadooally  to  rephioe  the  platinum  taken  out  of 
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tho  eohition,  but  if  tho  aolutiun  m  neutral,  or  tho  free  aoid  is 
nivf iV,  vhioh  aot»  wl-H  unil  Anv»  n<it  ilirtiuilvo  tlie  hydrate,  a  carbon 
nnodecnn  betisud  in  a  jiorfitie  bag  cuittaiiiiiig  tliu  bydruto,  wbidi 
xriW  t)icn  net  a  soluble  platimim  anode,  or  tho  hydrnti;  can  ba 
HiiDply  bung  in  tliu  Bolutiun  aiid  li-ft  tu  diHeulve  as  free  aoid 
aocutiiiilntc-9  fmm  tfau  rtctioit. 

8;o.  Iridiam  can  l)o  trt»ted  in  Die  eamo  way,  by  tbe  bydratd 
procoes,  and  in  view  of  its  grout  bardiioK8  th«rv  may  bo  pni*{iniics 
for  which  it  would  bo  useful,  notwitlmtandiiig  ita  lugh  jirJcu. 

851.  Alitmisium. — Tbo  doiioiiitiiig  of  this  metal  would  bo  a 
process  of  grtuit  valuu  in  tbo  arts.  Several  such  Lave  bcvn 
published,  and  some  patented,  bat  none  is  of  any  practical 
Talui%  In  one  case  it  is  stated  that  a  nolution  of  alumina 
niixcd  with  cyanido  of  potoaaiitni  docoiuposcs  witli  six  Itun&fins 
or  ten  Smees.  This  statement  is  striotly  true ;  it  does  deoom- 
prjse,  only,  unfortnnatoly,  it  dooH  not  deposit  aluminitiio,  but 
Btmply  gives  off  lij-drogen.  I  njitint  a  good  deal  of  timo  and 
trouble  ovlt  this,  till  I  satisliod  myself  that  oyanoRen  will  not 
nnito  (as  %  cyanido)  with  ftlumiiiiuiu.  lu  aiioihor  book  (ti  good  . 
one,  too)  a  process  is  givon  which  is  essentially  ono  for  obtftin'  ' 
ing  a  solution  of  sulphate  or  chloride  of  aluminium,  and  it  ia 
stated  that  from  this  a  lino  white  deposit  of  aluminium  cAn  bo 
obtained.  It  may  be  so,  but  all  I  can  say  is,  I  cannot  obtain  it, 
aw  can  I  find  that  any  one  has  as  yet  succeeded  in  effecting  a 
deposit  ;  all  the  sotntions  I  have  tried,  acid,  neutral,  and 
alkaline,  decomposo  and  give  off  gas,  but  rofnso  to  deposit 
matal.  I  leave  this  romarR  unchanged,  as,  though  many  na<!7 
proceBSoa  have  boon  published  and  sovcml  patented,  I  do  not 
tmm  that  any  resiiltii  havo  made  their  appearance.  I  boliovo, 
howoTor,  that  aluminium  may  bo  moro  readily  depodted  in 
nllov  with  otlmr  metals,  and  witli  groat  advantage 

Tliat  aluminium  can  bo  r&luoed  from  iU  fluoride  and  other 
OOmbinalions  when  in  a  state  of  fuaion  bos  long  bxn  known, 
and  aevcral  of  tbeee  proccaBes  ana  now  the  Bourco  of  dicap  and 
nhundnnt  production. 

85a.  Cwelea'  eleetrieal  funaee  is  tho  Iwrt  known,  and  thougli 
It  in  elaimed  that  tbo  high  tompenktiiio  to  Iw  produced  eleotri- 
oiilly  ia  tbo  rcul  agent,  Uien>  con  \xs  no  doubt  that  electrolysis, 
bringing  into  action  the  aflinitioa  of  carbon  for  oxygen,  has  a 
great  deal  to  do  with  the  n.'eult.  The  furnace  is  internally 
heated  by  the  electric  arc  generated  by  a  large  curreait  between 
carbon  e1ectrodt«j  corundum  AI^Oj  is  mixed  with  carbon,  the  best  j 
results  being  attained  when  copper  also  is  prceont  so  as  ts ' 
produce  an  alloy.  Tlie  ftiruaco  is  fin'-briclt,  throuch  thoendaof 
which  sliding  rodsof  carbon  pasB,  which  arc  gc«idu»AV-;j  ixwirivs^*. 


424 


BLECntO-MBTALLDBOr. 


uH  the  I)cni  ceiieratcvil  pt^niiitH  thi^  urc  to  bo  otilArgt;^.  After  tho 
elmrgo  in  rcniioed.  tho  fiimiicu  in  ullowul  to  wkiI,  wliuu  tkomotal 
is  f>.iuii<l  in  n  miMH  on  tho  floor,  whioh  is  iDAtlo  of  powtliMtxl  ckrbon. 
85  J.  The  Hertnilt  prorcM  tiin\((si  tliu  Uiixuxoo  iUulf  auu  of  tho 
(licet rixli'^a  ;  it  is  mndo  of  inin,  Iin«d  with  jxiwdertHl  (sarlxin  luid 
titr,  whii'h  luttL-r  ia  Imnit  off  iii  tho  uniial  iirDWiei  of  carbon 
uiakiiig,  §  2^3  ;  tho  niicxlo  of  oiifljim  dliiliw  turoiigli  tho  lop  of 
this  fiiniaco  or  int^rnnlly  heiituil  cruoihlo ;  oojijH'r  or  othor 
Buitiiblo  uiutiil  iH  put  in  Uio  liottoiu,  ami  forma  the  tL-dl  cathixlo, 
ami  tho  ore  ia  put  ou  this  and  iiiuitu<l  by  the  aro  formed ;  iUt 
oxygen  iinitua  with  tho  carbon  auodi;,  which  has  thoroforo  to  Iw 
ooiitiuuoiisly  movoil  forward.  lu  thin  proooaa  the  product  ia 
run  off  at  iutorvala,  and  freeh  chai^yt-s  run  in  without  cooling 
tho  fnrnaoe. 

85,^.  Others  roduco  the  fluorido  of  aluminium  and  eodinm, 
eryolito,  mised  with  §odiuia  chloride,  the  fuung  point  of  which 
is  675"  C.  M.  Minet  says  this  works  with  S'5  volts  and  a 
density  of  i  nntporo  per  square  ceutimetro  uf  carbou  auodo. 

Othcreuso  the  fusodcrvi'litc,  but  only  asasolvent  for  alaiuiua, 
which  is  tiu]>plio(l  ns  rc4iicud.  It  ig  etatod  that  carbon  is  <»a- 
stimcil  nh'iiit  cjtitLl  in  weight  to  tho  altimiiiiiini  produced,  itnd 
that  I  clcctriciU  I!. I',  is  usi-d  jwr  1^  II1.  of  metal. 

855.  Li-atl  and  tin  amy  tw  de^Kxiitod  from  thoir  combinatioD 
with  rKilunh,  but  it  ciui  roToljr  bo  worth  doing :  thoy  botb  h*TO 
a  tvndunoy  to  send  out  throaoA  of  motal  octom  tho  Kolation. 

I.ithurgo  UiiK'd  in  onuntio  poln«h  is  probably  tho  l<o«t  for 
Icail ;  but  Hiinio  luo  acetate  or  nitrate  of  land,  Tliu  priuoipal 
U8<!  ia  for  cohjurin^,  S  733. 

ll^iVc  lead  iH  aliK>  pruduood  by  a  ^tont  prooetw  from  an  mimxIo 
of  load  in  a  solutiou  kept  Hupplied  with  carbonio  avid,  and  is  said 
to  bo  of  cxo<:Ileut  ijuality. 

Staimat^t  of  potnnh  can  )>o  pruparod  by  iHiiHiig  tin  oxido  in 
potasli,  and  is  usud  liko  tho  loud  compound,  Homu  tuld  pjrrophos- 
pbuto  of  ttoda  ami  cyanide  of  potJUiHium. 

S56.  liefining  lead  is  uffuotod  by  t^lcotrolysiR  of  the  rongh 
metal  in  a  solution  of  load  sulphntu  iti  uovtat«  of  soda :  iron 
Olid  Kiiiu  ncoumnbttu  iu  the  solution ;  gold,  Hilver,  and  antimony 
remain  ou  the  anodes  from  which  thoy  are  tiuahcd  and  rodncod 
chemicjdlv;  the  iL^liadejioeited  nearly  purL>,  audit  is  said  at  a 
less  otist  tlian  by  tho  onliuary  prouusseti. 

857,  Itefinin-j  eopper  is  similatlv  carried  on  upon  avery  large 
scale,  and  soiue  attempts  have  Wu  miulu  to  reduce  ores  by 
electrolysis.  The  process  isthevamoaEi  the  ordinary  one  of  depo- 
eition,  but  oorriea  out  on  a  large  tiuale  by  torpo  current  fiivuig 
dynamo  machines,  with  a  number  of  vMa  suitably  aiTaiig«d. 
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B{8.  Arrangement  of  vatt. — Thoao.  lilco  cells  of  btvttoi-ics  SS  173 
and  5  JO,  are  ccmnoctod  in  serioB  or,  in  parallol  fts  euitod  to  tho 
E  U  F  avail&blo  and  tlio  cnrront  roquired  ;  thia  applies  equally 
to  largo  nilinerici§,  or  to  small  workH  whoro  dopuRibi  of  diSonsnt 
kiu(U  aro  proilucod. 

It  is  obvioua  ttiat  tho  d3mnmo  must  gcnorato  an  GUP  or 
voltace  greator  than  any  oporntkin  nocds.  If  it  i»  design  el  only 
for  that  foreo  it  is  oridcnt  tlio  vats  or  ficSls  innst  nil  ho  in 
parallel  to  draw  cnrront  from  it,  but  if  any  o]>oriitti>n  niittla 
only  half  tho  goncratod  voltage,  then  two  viits  niuy  lx»  put  in 
mrioB. 

So  it  may  bo  coononiical  to  nrrftngo  tho  plant  in  such  a  way 
as  to  havo  from  tliu  niai.'hitio  a  bigliur  voltugi',  but  It-isit  current 
than  the  wurk  rcquirus,  and  tlien  uao  tliu  ciurn-nt  ni^vi-riil  tinioit 
in  vats  in  scries,  &u  many  its  thu  EM  F  iiunuita.  lu  this  wuy 
otiior  work,  nceiHng  liighi-r  voltngu  (suol)  oti  aro  lighting),  can 
bo  done  in  parallel  from  tlio  mai.'hino. 

But  rati  in  tcrio  nwd  care,-  work  rnunt  Dvt  be  romoved  from 
any  ono  so  as  to  cut  off  current  from  tho  whole  series ;  it  must 
be  removed  by  stiiall  instalnionte,  or  i>Isq  a  aparo  vat  should  bo 
provided  and  turned  into  tho  circuit,  in  place  of  one  about  to  ba 
emptied. 

Dynamo  machines  for  electrolytic  work  should  alwaj's  l>o 
made  to  give  a  constant  Elif  F,  no  matter  what  onrront  they 
may  be  called  ui)on  to  givo,  largo  or  small. 

859.  WAin*!:  IK  AcTioK. — In  actual  working  the  vartoue  figures 
or  roBtilts  stated  will  never  bo  roalisod  :  there  are  canKca  in 
o|ieration  whidi  diminish  tho  result,  but  these  vary  in  (^utth 
case  and  aocording  to  tliu  euro  of  tho  operator,  who  luuat 
thoroforo  aaoertaJu  tho  "  dinoount  "  ajijilicablo  to  his  own  work. 
Bad  oonnections,  or  accidental  coutacta  may  acud  thu  ourmut 
Bunie  other  way  lliaii  through  the  siilulion. 

The  tohenl  aUcays  lakrt  melal  from  the  deposit,  making  it 
appear  leaa  than  it  should  !».  The  cyanide  eolutions  alwaya 
attack  the  deposit,  eaptcially  when  heated.  But  even  copper 
in  sulphate  of  copper  is  attacked ;  by  an  elaborate  aeries  of 
es]>eriments  Gore  showed  that  a  loss  ranging  from  t  per  cent, 
up  to  even  i  S  in  some  heated  solutions,  occurs  with  copper  salts. 
1  do  notconsider  that  a  loss  of  oven  *  j  per  cent,  should  occur,  but 
it  depends  on  the  purity  of  tho  aalts  and  acida ;  any  nitrates 
preaont  would  increase  tho  loss. 

Jli/drngen  given  off,  as  with  nickel,  S  836,  tmpUca  a  defioicncy 
of  metal  equivalent  to  it. 

86a  Organic  acidt  have  peculiar  relations  to  metals,  and  their 
presence  often  brings  about  great  modifioatious  of  ckawK»3>. 
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actions.     This  has  been  fuiinil  of  tcrvioe  in  electro-metallurgy 
and  pffors  a  prospect  of  many  now  ones. 

Caft-ircn  and  tleel  have  boea  co&tcd  with  copper  on  tlie  larce 
ecali?  for  many  years,  as  for  lanip-piislB,  statues,  &c.,  by  Weil's 
Bolution,  which  is  lUiido  ihns,  i  ^o  parls  of  Roohollc  salt  (tartrate 
of  soila  and  potish)  are  ilissoived  in  icoo  parta  of  water ;  80 
parts  of  Boda-liiue  containing  50  or  60  per  cent,  of  cAiiatio 
soda,  na<l  35  parts  of  sulphate  of  copper,  are  abided.  The  liiuo 
removes  the  sulphuric  acid  and  the  solution  retnaiuH  a  strongty 
alkaline  one.  This  solution  may  be  nsod  with  a  battery,  but 
is  best  worked  by  ainglo  ot-il  prooesa,  either  by  attaching  zinc  to 
the  objects  or  by  using  a  porous  voesel  containing  canstio  soda 
for  tht)  ainc,  Aa  the  copper  is  removed  au  equivalent  propor- 
tion of  OS  id  0  of  copper  should  bo  added. 

Similar  solutions  can  bo  used  with  nickel  and  other  metala, 
and  other  organic  acidH  have  similar  effects;  boo  3  8j2. 

861.  Dkpositinq  Alloys. — It  is  supposed  by  many,  and  the 
idea  is  supported  by  many  indirect  statements  in  the  books, 
that  metals  deposited  by  electrolysis  are  absolutely  pure :  but 
this  ia  a  mistake,  as  far  as  the  principle  is  conccm<i<l.  It  is 
true  that  tho  current  cxcrcisoa  an  elective  influonw  whun  iwlts 
of  HcToral  metals  are  in  company,  a«  <:ixi>laine't,  §  C99  ;  thin 
depends  upon  the  force  that  each  choniical  wimpoimd  n.;i[ainMt 
to  break  it  up.  and  therefore,  as  a,  rule,  tho  meet  easily  decom- 
posed will  dej«>sit  its  nietat  in  profcrcnoo  to  tho  others ;  but  if 
the  force  be  sufficient,  all  will  bo  dooompoMcd,  and  a  inixtnro  of 
motals  will  oomo  down,  §  69$.  Tbu  solution  also  esertn  a 
selectivo  infiuence  on  the  materials  of  the  anode;  henoe  pnro 
copper  can  bo  obtained  in  a  solution  of  the  sulphate  from  an 
impuro  nlatc,  because  iho  sulphuric  acid  refuses  to  dtasolvo  tho 
oai'lxin,  ItioA,  tin, &o.,  which  form  a  coating  over  the  plalo:,  while 
any  zinc  and  iron  passing  into  solution  require  so  much  more 
force  to  decompose  that  ihoy  remuin  in  solution;  but  pnro 
copper  would  not  be  eo  easily  obtained  fmni  a  etolntion  of 
chloride,  nitrate,  or  acctitto,  as  these  would  carry  over  tho 
easily  reducible  metals,  which  w<iutd  depoKit  even  before  copper. 

6G2.  But  the  object  in  depointing  alloys  m  to  secure  a  de- 
finite prop<irtion  of  a  given  quality,  and  ns  to  tho  mode  of 
effecting  this  little  is  really  known.  The  subject  is  of  bo  mtioh 
interest,  and  may  have  so  much  importiince.  that  I  depart  fVom 
my  UBUul  practice  of  Htating  nothing  that  1  have  not  thoroughly 
taated.  in  this  case  I  ]>reposo  to  give  tho  partioulan  of 
various  eoluliona  for  dopositing  brass  and  bronxe,  and  then  a  M 
I  Btatement  of  the  principles  to  1^  attended  to  in  any  nttcnipls  to    I 

^^      devise  solutions  and  modes  ef  working.  H 
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Tbo  qiumtitiea  are  proportional,  grains  or  ounces,  Ac. : 
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•  RiifBcient  to  effect  (hit  jitir|«>M. 

1.  Do  SalEode. — WbsoIvo  the  cyanide  of  potofisium  in  no 
parts  of  the  water,  then  in  tJio  remainder  dissolve  the  ealta  of 
potash.  Btnc,  copper,  and  ammonia,  raiang  the  heat  to  al>out 
t^o"  Fahr,,  adding  each  talt  oa  the  firat  ia  disaolved,  and 
stirring  well ;  then  mix,  and  allow  to  stand  a  few  days, 

2.  Do  fjalzcde.  prepared  in  same  way  aa  t. 

Both  nro  worked  vnth  brass  anode,  and  a  battery  of  two 
Hiiniwn'H  wllfl  giviiig  a  full  CTirrent. 

Jironie  may  bo  deposited  by  substituting  chloride  of  tin  for 
Uio  mlphato  of  idno— 3^  parts  in  i,  and  12  in  2,  working  at  a 
tgniporatore  not  exoeeding  97°, 

J,  Divide  the  water  into  two  parts,  and  ono  of  thoec  into  four 
parts,  and  dissolve  the  salts,  i,  tho  copper,  and  add  half  thu 
ummonia;  3,  the  zinc,  at  about  iBo°  Fahr^  and  tho  roat  of  tho 
ainuoius;  3,  the  potash;  4,  the  cyanido  of  potasaiam  in  hot 
water.  Then  mix  l  and  3.  and  add  j  and  thou  4,  etiiring  well ; 
then  add  the  remaining  half  of  the  wntor. 

Work  with  brass  anodo  and  full  battery  power,  a<ldiug 
ammonia  and  cjanido  of  potassium  when  rtijuirod. 

4.  KufisoU  and  Wootiich. — Dissolve  the  suits,  and  add  snlfi- 
cient  cyanide  of  potassium  to  rcdissolvu  the  precipitate  formed 
and  bo  somewhat  in  excees.     Worked  with  briiss  imode. 

5.  Dissolve  sepaiutely  iind  mix. 

6.  Diesolvo  and  mix,  adding  the  cyanide  hut. 
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7.  This  is  to  Ito  pro))ar&i  by  tbo  battery  prooew,  tbe  eolutioi 
being  muilu  aiid  wurkod  at  150'.     A  largo  brass  anodo  and 
aniall  outbiHlti  aro  cotuiectud  to  a  battery,  and  current  passed 
the  Holutiou  dupositB  freely. 

8,  Bruiiell, — Oissolvo  separately,  mix  the  copper  aiid  alno 
solutions,  each  witb  part  of  tbo  potaab,  then  witb  ammonia 
enough  to  rediBSblvo  all  jtrocipituto,  and  add  tbe  cyanide  solu- 
tion. To  bo  worked  with  large  brass  anode  and  two  or  motft 
BuDSeu's  cells,  adding  ammonia  and  cyanide  ad  required. 

It  is  stated  by  Watt  that  the  sol'itions  ;,  7,  and  8,  coDtainiii] 
ammonia,  work  the  best,  because  thoy  diseolvo  tho  xinc  fro 
tlio  auodo  more  froely  ;  and  that  whonovor  a  white  deposit  f( 
on  tho  anode,  free  amiiionifi  ebould  bo  added. 

No.  6,  which   is  Morris   and  Johm^on's  is  spoken  of 
highly  by  wtmo  as  giving  giiod  dfpijsits  cnpabli;  of  varying  pro-, 
portions.     It  is  to  !«  workud  hot.  rind  requires  strong  batter 
piiwiir,  giving  nfT  abundant  giis  whilu  working. 

Weil's  solution,  %  8to,  can  bu  used  to  doiKiett  bronze  by  adding 
Ktiinnate  of  sodii,  or  L-hlurido  of  tin  dissolved  in  caustic  siMla  ;  or 
brafls  by  a  similfir  addition  of  irino  diEaolvod  by  caustio  soda,  and 
so  on  with  other  mclals  as  desired. 

86j.  Prlneijilte. — (1)  The  object  to  be  attained  is  tho  deposi' 
of  deliuite  proportionate  weights  of  two  or  mure  metals;  but 
tho  current  knows  nothing  about  weighU,  but  measures  1 
work  by  equivalents,  tho  proportions  by  weight  desired  must  __ 
reduced  to  equivalent  proportions,  by  dividing  tho  weight  by 
tho  ijicctrio  equivalent  given  in  tho  trtblc,  p,  jo8.  Thus,  n  brass 
is  ro<inired  containing  6^  copper  to  }G  sine;  64-^}i'75  =  3'oa 
and  j5-j- J2-6  ^  i  *o8  gives  tbo  prgjxirtion  in  which  the  varront 
must  divide  itself  between  the  Bnlt«  of  copper  and  iJno. 

M  Tlio  solution  need  not  contain  the  two  metals  in  «itlier 
of  tno   two   proportions,  weight,  or  oqnirslent;  the   rolativo 
degree  cun  have  no  fixed  law,  as  it  must  d<-[>end  un  8t<veiu1  con' 
dItioiiH,   and   mainly   upon   a  combined  ouii  aide  rati  on  of    thi 
fooility  witb  which  tbo  two  salts  dccompoiHi,  and  tlio  ciuivalen 
proportion  required  to  \v  decumpiim.'<l. 

(3)  luoouipatihlo  salts  cannot  be  joined  in  one  aulution  (that 
is  to  say,  siillsi  wbieb  oxobauge  their  constituents  or  throw  down 
a  portion  as  insoluble),  unless  another  ingredient  ia  to  be  added, 
whioli  will  iiidictsulve  the  predpitato;  this  latter  ia  often  tho 
oaaa  when  ammonia  or  cj'aiiide  of  pota«aium  is  to  bo  added, 
more  espoeially  ammonia.  In  such  caoes,  however,  it  must  bo 
oseertained  that  these  new  oouditioua  do  not  alter  the  relativi 
conductivity  or  dfioomposability  of  tho  various  metals 
iwluUoD. 
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(4)  Tt  is  of  tb«  utmost  importauc»i  that  the  niululx  of  wliit^h 
tho  nWtyy  <<i>Tmi8t«  bIiouM  uuL  bavc  any  utrouf;  elixitrio  rL-Utions 
to  cdcli  oUiLT  iu  tliL'  Bulution  to  bo  used.  It  must  1)0  ruinvtulHiivd 
that  what  ia  ciilluil  the  oloctric  order  of  uielaU  is  ft  pure  del iik! on, 
uutetts  takun  iu  a  |iarticu]ar  solution,  for  a  metal  may  be  [lonitiva 
to  another  uietal  lu  oue  Bolutioa  and  negative  to  it  iti  aootbcr, 
na  thin  dupvuila  on  the  relative  afiioitieB  of  the  raetaU  to  the 
utlier  radiaiU,  §  Coy 

(5)  It  itt  lienrtAle  Uiat  tho  Bovernl  ealta  ehoold  have  nearly 
tJiu  (Hiiiio  vlectric  i*siBtance,  or  tliat  these  resistaiices  (which 
]}arlly  dejieiid  ou  tho  qnantity  of  each  salt  dissolved)  should 
ho  iiiii|>oi-tiuiied  to  tho  rclativo  ourrontB  required  (see  i) ;  hut 
this  is  110 1  essential. 

(C)  It  is  eeneulial  that  tho  battery  iwwer  bo  balanced  a;;aiuBt 
the  aeoom|>o8ability  of  the  several  Baits.  This  is  distinct  from 
their  resistance.  Each  chemical  ooTubination  needs  a  fixed  force 
to  decompose  it,  and  this  is  effected  by  maintaining  a  sufliciout 
oleotric  tension  at  tho  platcB  to  efToot  it.  ThiH  rany  be  called 
tho  tpecifir  mofcculnr  rtviVfnnM,  act  up  at  tho  cathode  only,  whilo 
tho  cluctrio  resistuiicu  lies  in  tbo  ni)aoo  lietweou  tho  plattw.  If 
there  i«  a  groiit  diffcrouco  lutweon  tho  s[>ecifio  molocular  ruiiist- 
ftDOO  of  tlio  diObreiit  taltd,  tho  current  wttl  tend  tu  ruduoo  tlie 
lowest  only,  and  that  perhaps  in  a  powdery  state :  in  such  utG'.it 
the  only  remedy  is  to  liave  only  a  sufficiency  of  the  wuuker  salt 
preseut  tosnpply  the  required  deposit,  thus  forcing  the  current 
to  act  sufficiently  nijon  tlie  more  resistiu};  salt.     See  §  £99. 

854.  i'KAcricAL  SuooKsTiOHS. — ^Tliere  is  only  one  mode  of  satis- 
factorily examining  all  these  points,  and  this  is  to  test  each  onu 
by  means  of  a  galvanometer  which  will  measure  the  actions  on 
a  definite  system.  Vesecis  of  the  tuimit  ci/c  xhould  l)o  used 
for  comparing  difiureut  solutions,  and  ptates  of  tlio  dilTeroDt 
mctald  and  alctu  of  tho  deuired  alloy  provided,  all  of  exactly  tho 
Bune  size,  such  us  a  stiuaro  inch  or  1  X  i*  witli  sut^b  an  lunxngo- 
mont  iM  will  iusiiro  always  tho  same  distance  tietvrcon  them ; 
then,  to  ascertain  if  the  condition  4  is  fulGlled,  tbu  two  motalH 
ure  couniMtud  to  the  galvanometer  as  if  thoy  were  hat  tcirv' plates, 
tu  see  if  a  current  of  notable  amount  is  set  up.  Tlio  nanio 
arnuigamuut  t^stti  condition  5  by  tisiug  two  platos  of  the  twmo 
metal  us  tho  solution;  tho  greater  tho  resistance,  tho  hws 
current  will  pass  from  a  constant  battery.  Condition  Q  can  bo 
lasted  at  the  same  time  by  observing  now  many  cells  of  thu 
battery  are  required  to  force  a  given  current  through,  but  tJiiji 
test  will  be  only  approximate,  au  tho  rosiBtauoa  afl'eets  it;  still, 
it  will  give  practical  information. 

Caro  must  bo  tak«D  UtaX  tlnvo  is  eufCdont  £rco  solvent  and 
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niso  water  to  froely  diBsolvo  the  anodo  and  keep  it  clean,  lu 
Bomotiiut'S  (mo  mctat  will  disflolve  more  readily  tliau  the  othcr^ 
Tliis,  a»  wdl  as  other  points,  will  bo  tucertained  ia  the  ex{       ~ 
moiital  voeael  by  testint;  with  Hoparate  auodea  of  the  variog 
ruotala;  they  ought  all  to  allow  tho  same  cuiTent  to  pass  aadfl 
the  same  oonditious,  becauso  this  deponds  wholly  oa  tho  aat' 
of  tho  anode, 

It  will  bo  obaervod  that  the  object  in  those  experiments  is  ■ 
isolate  and  vary  ono  particular  bet  at  a  time  and  measure  it 
inllnenoe. 

8C$.  Anodiis. — Those  should  usually  bo  of  tho  kind  to  bo 
de]>oaited.  so  as  to  maintain  tho  solution  tinifona.  Uat  it  may 
bo  dosirablo  to  uso  fovera)  plates  of  tho  separate  metals.  Here, 
I  think,  may  bo  found  a  pnnciplo  in  alloy  depositing  which  baa 
not  yot  been  employed — viz,  to  use  a  separate  battery  for  oooh 
anode,  so  as  to  vary  the  fotoo  exerted  on  each  metal  as  noeGsaarT ; 
by  this  raeoiie  both  conditions  may  bo  controlled,  exactly  toe 
proper  propijrtions  <if  each  metaJ  may  l>e  forcoil  into  tho  solntion, 
and  tho  requirod  t«nsion  may  l>e  ftxcrU'd  iipon  each.  It  is  true 
that  the  motals  are  not  transferred  by  the  oiirriMit  i4«uir,  aofl 
thtrefora  the  difiureut  currents  will  not  select  at  the  oatliu<l9_ 
their  own  ]jarticular  metal,  hut  n  nuRieioiil  eleatriiT  force  fo 
eaeh  will  be  present  at  the  cathode,  ami  the  duo  utiliniuK  of  i| 
must  bo  provided  for  by  atieutioii  to  the  other  oouoitiui 
cxjilaiiied.  ^A  similar  result  may  bo  attained  witli  one  batter 
sulUoieutly  powerful,  by  leading  separate  couneotions  from  tl 
positive  nolo  to  each  anode,  and  interposing  reatatanoes  so  as  1 
control  tne  current  to  each ;  but  distiuot  bat tenes  would  be  bee 
Of  course,  all  the  negative  poles  would  go  to  the  object  to 
deposited  ou  tlie  cathode;  it  would  also  be  dosirablo  to  have 
galvanometer  in  the  circuit  of  each  anode  to  secure  accuracy. 


In  a  paper  by  Mr.  0.  0.  V.  llulmes  on  Ihe  Modern  Anplientiom 
of  Eloutrieity  to  Metallurgy,  15th  January,  IHSa,  the  eenoral 
law  of  eleclrolysie,  S  'J*^^.  is  stated  to  have  been  firdt  piililishod 
by  Dr.  ICiliani  of  Munich,  in  ISSS.     It  was  really  iir»tpubliiiltod_ 
by  myself  in  tho  Hn'jtUh  Hfechanie,  vol.  xi.  p.  2,  IBtli  Septoiabord' 
1874. 
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B66.  TiiTnB  CuitBKNTS. — The  telegraph  lines  hftvo  jvnalod 
the  cxistetuio  of  ciiirenttt  duo  to  uiuaea  inJopcudwt  of  tbe 
l«tt«rics,  varying  in  direction  and  also  in  atrtrng^;  ihoj- 
fiequentiy  nindur  it  iiuposaihte  to  send  mesBagoB  Klusg  tinoa 
hy  moans  of  tho  usunl  earth  jiliiteK,  but  ni.-ooHsitate  n  rotiirn 
wire  olrouit,  j>roTing  that  tho  1^  M  F  exinta  at  thu  cartli  plates, 
not  in  the  wires.  It  has  also  been  found  that  Unas  haviug  ecutt 
and  wedt  direction  are  more  disturbed  tbau  those  havin^r  a 
north  and  south  direction.  It  ia  not  ooooesary  to  go  fully  into 
this  subject,  as  to  which  knowlodgo  is  iniperfoct,  though 
growing,  but  tho  following  pnrtioulnrs  aro  derived  from  v&rioils 
commanioAtions  to  tho  Institution  of  Kloctrical  Engineors, 

667.  The  usual  clTbct  of  tho  oarth  ouironts  is  that  of  a  low 
EMF  continoally  fluctuating  in  intonaity  while  nearly  con- 
stant in  direction,  which  may  I10  considorod  the  normat  action  ; 
there  are,  however,  rovcrstils  of  direction  of  tho  current,  though 
it  seldom  changes  its  lino  of  conduction ;  and  nt  times  there  are 
groat  aud  rapid  changes,  both  of  force  and  direction,  which  nro 
called  magnelie  tformM. 

868.  d  general  caute  pro^ufes  iha  eurrmU  ;  tlicy  are  not  duo  to 
local  conditions  at  the  two  point*  con  nee  tod  liy  tho  wires,  for  a 
oonipurison  of  obscrvatious  taken  at  many  different  [Hirts  tbows 
simultanuouB  vuriutious. 

969.  The  general  direction  of  the  mrrenli,  tliot  is  to  siiy,  their 
course,  appears  to  be  along  tUu  linen  n(  niaj^nelic  Iatitndu>,  those 
of  equal  declination,  or  north-uatit  and  south-west  in  England  ; 
this  of  course  must  be  tho  catio  if  the  currents  and  lh<!  oMrth's 
magnetism  are  iu  any  way  conneolcd  togotlier.  Kliminiitiog 
tho  various  disturbing  cawos,  it  would  upj)ear  that  tho  proper 
direction,  that  is,  the  normal  cunval,  folUus  the  tan :  that  is  to 
Kty,  it  corresponds  with  Fig.  39,  p.  86,  and  witli  Fig.  }i,  oon> 
Btituting  the  earth  a  magnet  with  itd  south  pole  pointing  north, 
whiol)  18  really  the  oaeo  if  we  oomporo  the  earth  with  one  of 
our  niugncts. 

87a    Tho  E  U  F  oorrceponding  to  the  oamota  is  tuually 
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ftttout  Tolt  'oi  por  mile.  During  a  general  diiilurlianou  In 
Jmumry  i8$t,  it  ruso  to  volt  '3  jior  iiiitu,  witl  tit  Uio  atino  timo 
ao  uimsiiul  ilistiirljanco  oocurrt^l  in  tlio  twtivity  of  tho  sun; 
ill  uthor  caeus  a  furce  uf  2  vulu  pL-r  niilu  liaa  been  ol>aerTod,aud 
it  iH  aaid  to  have  riiu.m  au  Iiigli  tw  6  volts. 

Tho  E  M  F  eliuwii  iu  nubiuarino  oaLlea  ia  muoh  lower  th. 
that  of  laud   lines,    rarely   extxiediug    1    or    2    volta    fur   t 
wliolo  oablo ;  but  it  doos  uot  fullow  from  tliia  that  it  ia  ruiil 
lower  in  tlio  ooeau  than  iu  the  eartb.    The  reaistauce  of  titv 
is  practically  notUiiit;;  tlje  line  in  wbioh  tbe  oartb  ourro 
is  set  up  is  really  a  more  derived  circuit  from  the  ti«tu 
one;    tlioreforo  tbo  ouirent   traversing   Ibo  conductor  will 
course  bo  proportional  to  tbese  rcsistancea  and  must  needs 
lower  in  oablea  traversing  tbe  sea  than  in  linea  dividing  wi 
tbo  oartb. 

871.  Tbo  EMF  bas  ptriodie  variations:  it  baa  a  dium 
variation,  with  maxima  about  10  a.u.  and  4  r.M.,  also  after 
inidnicbt,  and  a  minimum  noar  sunrise.  Information  on  tbi 
point  IS  scanty  and  not  to  bo  relied  on.  but  it  indicates 
oontiMtion  witli  tbo  solar  ben.t  oorrosponding  to  tbo  initgiio 
variation,  S  J49'  It  also  sbuwH  tliat  wo  must  niganl  tbevarth 
magnetism,  not  as  consisting  of  one  definite  bomngenwns  lino, 
such  as  would  bt)  duo  to  a  permanent  bar  magnet  paiuing 
through  tbe  earth,  or  to  one  suspcudod  witbiu  tbo  Mirth's 
interior,  but  rather  aa  duo  to  a  series  of  indepondi-nt  bars  or  linos 
forming  a  shell,  each  lino  of  which  has  its  own  local  inflneu< 
and  iudeifendenl  rootiona,  hesidea  oomhining  to  pioduoo 
total  effect  of  tbe  earth'a  mat^uetiam. 

87J.  Xagiutie  itorm»  are  also  jK-riodio  and   related  to  eoli 
activity,  tbe  maxima  and  minima  of  frequency  ooimading  wl' 
tbo  1 1-year  cycio  of  eun-epota,  and  special  storms  have  ofl 
boon  found  to  occur  in  company  with  the  outbreak  of  lar| 
Bpot«  on  tbo  sun  ;  see  §  1^8. 

67  J.  It  would  appear  from  obeorvtttiona  of  Mr.  A.  J.  S.  Ad: 
that  the  poaition  of  the  moon  as  rogorda  tbe  earth  has 
iro))ortAnt  influcnoo  Qjxtn  the  normal  current,  though  wo  mn;, 
not  itdopt  all  tbo  tbooriu  on  tbo  subject  wbicb  he  cxamiaod  in 
A  pajior  published  vol.  x.  p.  J4, '  Journal  of  tsociety  of  Tdographio 
£nginovrs'  for  1881. 

B74.  The  tiuzgnetic  variatioTU,  §  ]4<^,  indicate  that  tbo  prosetn 
anil  [lotiition  of  the  Hiin  is  acting,  and  wo  have  two  modes 
action  to  ouuHidt^r  :  i,  ITio  thermo-electric;  we  have  two  point 
of  RTuwIog  and  diminishing  boat  at  opposite  sides  of  tbo  cai 
anu  points  of  masimnm  and  minimum  heat  between  tbein,  aQ< 
tliem  poiat«  travelling   round  tbe  oarth.     2.  The  maguotio 


876.] 


in.AXrrAiiY  cuAnaES. 


4S3 


L 


vm^tiou  of  temnerature  laodiGe*  tnafpielto  oapsoity  mid  tn- 
tuuttity,  S  I  f 4 ;  all  the  matoriaUi  of  Uio  oarLli  aru  inugDolic.  nnd 
thereKiru  thu  licat  uf  Uto  aun  must  produoo  a  hCjiIu  of  lower 
iiii4;iiotiiiin  txavoUiug  around  lliooartli,  with  au  olcctrio  oiimmt 
as  a  oiiiiHLijuciico.  All  the»e  no  doubt  ]ilay  ttiuir  ruHjiuutivo 
parts  in  the  total  efloct. 

875.  A*  the  magnetic  polarity  and  intensity  of  the  cortli 
undergo  coiiBtant  chaiigtw  at  oach  locality,  wliicli  aro  tnnta- 
mount  to  moving  a  magnet  acroaa  tho  normal  earth  currents, 
it  follows  that  wo  rauat  oxpoct  a  variatiou  in  tlieao  ourronta 
themsi'lvcs ;  but  which  is  really  tho  canao  and  wbidi  la  eOcot 
we  must  wait  to  loarn. 

876.  ScpposKii  Static  Chaiii;e.s. — From  obsoryatious  taken  ut 
Kow  aiui  GrooQwioh  it  appears  that  do  changi>a  iu  the  electi'iunl 
coniiitions  of  tho  atmoBphoro  aro  found  to  aocoiupauy  the 
magnetic  storms,  a  circuuistAnco  of  gixtat  signiticauoe  to  any 
thoories  based  iip>n  suppoHcd  stutic:  charges  ou  the  earth. 

Tho  idea  tliat  static  clmrgcM  vxist  upon  tho  bodies  in  apace 
is  a  Tory  fuvourito  oao  with  thoomts  who  wish  to  cxplniii 
coinota'  tjiila  and  other  matters  beyond  our  knowlndgo:  thoy 
HKually  forget,  however,  that  the  very  uaturu  of  electricity 
involves  equal  oj>po»ite  ch«rgea,  aud  would  ncocMnitatu  thitt  in 
thu  Hular  system  the  sun  must  have  a  siirfaLH)  churgu  Di|ual 
to  the  sniQ  of  the  oppouto  chargon  upon  aU  thu  pluntitM. 

677.  CoaMicAi.  ELBffrRiciTr,— It  is  natural  ouuugh  to  ima^no 
that  tho  niysteiiouB  and  soomingty  all-pervadiu^  forco  of 
electricity  may  play  an  importaiit  part  in  aatrononjii»l  pheno- 
mena :  there  is,  however,  no  wan'anty  for  tho  supposition,  and 
when  we  consider  that  electricity  in  u  imri'ly  molecular  relation, 
there  is  good  rooson  tobeliovi-tliatnotliiiic  riuicmbling electrical 
or  maeoAtic  action  occurs  ncmss  sjuicc.  Tluit  energy  traverses 
spooo  tt,  of  ouumc,  cortitin,  hut  in  which  of  itM  forms  it  dues  so 
is  unkutiwn,  though  light  iippeiirB  thuuMtprobablo.  Bnttlicro 
is  no  sort  of  evideueu  Uiut  anything  reaembling  ■tatio  olootrical 
actions  occurs,  or  that  the  cusmicul  bodies  have  anything  iu  tho 
nature  of  free  churgott  of  electrioity. 

There  is  niuoh  evidence  that  simultaneous  aolions  ooour  upon 
the  8iin  anil  the  earth,  S  87a,  but  tho  common  deduutiou  that  tliey 
are  of  the  same  nature  has  little  foundation  :  it  nuty  be  natural 
enough  to  imagine,  when  a  sndden  magnetic  actiouooours  on  tho 
earth  which  is  aocom{)auied  by  an  apjtarent  action  on  tlio  sun,  that 
tliis  solar  action  is  of  the  same  order,  electric  or  ina^etio,  and 
tliat  Iho  ootuicctioD  across  space  is  an  action  of  these  forooa  suoh 
&.-I  wo  ol>servo  in  our  experiments.  But  other  ctjually  valid 
explunatioua  are  available,  because  wo  kuuw  peircctJy  well  that 
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magnetic  and  electric  pbeuouiena  do  onlmAnly  arino  fmni  Irans- 
muUtiong  of  energy :  the  beating  of  a  junction  of  inm  uid 
Germaa  silver  wires  at  once  prodnoos  t^ectrio  oument,  nnd  will 
generate  a  magnet.  A  diaturbanoo  in  the  eraiaaioii  of  envrgv 
from  the  eun  may  well  {iTodnco  luagnotio  actiotiH  on  tlio  carta 
thoujfh  no  magnetic  actiou  may  occur  in  tbe  stiu  Itadf,  and  j 
magnetic  or  electric  field  of  force  exist  in  apaoc. 

878.  Tbe  natni'9  of  electricity  ilaelf  is  opposed  to  tJio  i^( 
when  we  recognize  that  it  involves  two  eqiial  opjionito  charj 
connected  by  iiocB  of  force.  Thorfforo,  it  is  itnpoaaiblo 
conceive  all  the  bodies  in  space  "  charged  with  eleoliicitj-  «f  tho 
namo  sign,"  as  some  have  suggested,  which  would  iurolvo  n 
mutual  repulsion,  according  to  the  doctrines  connected  vrlHi 
ntij'posod  freo  charges.  But  we  have  positive  proof  that  o|)poaUs 
oliaijits  do  not  exist  on  tbo  sun  and  thoseverul  planets.  I/tueh 
rliar'jet  exhted,  gravilntion  wouH  not  be  a  torutanl  foret.  The 
piuiiets,  as  thoy  approached  each  other,  would  have  their  ftt- 
tractions  partly  notitnilissiid  by  electric  repulsion,  and  tbiK 
effect  would  vary  with  the  ninss  and  size  of  tho  planets,  bocauao 
tlicir  cftpncity  fnr  cloclricity  varios  na  tbeir  ra<iiu«,  §  lOT  (a), 
while  tliL'ir  mnstiuB,  if  constituteil  alitce,  vary  sk  tho  ciido  of 
tlio  mdins.  But  ;aHtronomy  shows  that  the  mutual  notion  of 
gravitation  is  directly  as  the  mosses,  and  iti  thn  wtmu  botwooo 
the  several  planets  U£  it  is  butwoen  tlicin  and  tbu  Kun,  neither 
of  which  would  be  tbe  uusu  if  they  were  olinrged  bodioa,  aa 
tho  Bun  would  have  tbe  elootrio  uttmotiou  added  to  that  of 
gravitation,  wLitu  the  plaools  would  tupol  eacb  otiior  agkuu^ 
gravitation.  fl 

S79.  It  ia  only  right  to  mention  that  Dr.  0.  Lodge  bassaid,  \n 
reply  to  this,  that  il'  the  earth  and  sun  are  conceived  as  charged 
to  a  million  million  volta.  they  would  only  exert  a  forco  of 
aa  tons  weight  on  eacb  other.  It  may  bo  so,  but  l'rofeaw>ra 
Ayrton  and  Vvny  culculatod  that,  taking  the  value  of  atmos- 
pheric potential  eHtimateii  by  Sir  W.  Thomson,  %  891,  "tho 
probable  actaal  chargo  fouals  1  JC4  X  lo"  C'.O.S.  units  or  about 
14  times  as  great  as  would  be  neccseary  to  produce  tbe  earth'a 
mugdotic  moment  if  the  earth  woio  solid  iron,"  and  that  Pro- 
fessor Itowlund  aiTtv^d  at  ver^'  different  oonclnsionB,  and  even 
that  tho  nisiilt  would  Ijo  that  the  moon  would  bo  driven  off  into 
Hpuoe,  and  tlie  earth  be  burst  11  p  altogether.  Of  course  all  thexo 
varying  results  are  each  demonetratod  by  elaborate  niathemntical 
calcnlations ;  however,  it  is  difhcult  to  undcntand  how  ao 
tnudl  a  force  as  Dr.  Lodge  suggests  can  disturb  tho  magnotisiii 
of  the  whole  earth  and  set  up  strong  currents  over  its  wbc" 
Kurfooe. 
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eSo.  T$  th£  tun  a  magnet  t  Evon  this  is  <lou1itru1  oonEddering 
ita  teinpcraturu,  and  tlio  knotini  fact  that  luagiietiam  disappears 
»t  a  very  TQodenit4j  lU'jrrtij  of  hctit. 

Doea  the  tun  cxcrl  magnetic  potBcrg  7  Tills  we  can  answer  in  tha 
iiogai.ive.  All  that  ym  know  of  magnets  proves  that  tliojr  fietJa 
aro  limited,  utid  consiet  of  clctcil  carve*  Ofnnccling  their  two pnlet. 

B8i.  Maijneiigm  it  tiol  a  radiant  force :  the  curves  mfiy  fxtcnd 
to  distftuws  further  than  our  experiments  ciin  dcti.>riiiiHU  :  but 
yiir  expcrimeuts  are  all  cunriucted  among  Knrrouuding  matter. 
We  imiy  Imagine  tLut  its  lines  may  hu  propagated  in  tho  t-tUor, 
but  wo  know  nothing  abont  it:  however,  we  do  know  that  tlioy 
aro  Anal  in  direction,  nut  r-tdiaiit,  but  continuoua  within  and 
around  the  mans  of  tho  magnet. 

88i.  If  the  sun  were  a  magnet  exerting  force  upon  that 
known  magnot — Uie  earth — the  uiagnetie  axis  of  tho  earth 
would  place  itttolfoii  one  of  tho  curveo,  as  all  luagneta  do;  but 
the  magnetic  axiR  abtfts  its  posidon  ia  a  definite  period,  S  147, 
whilo  the  axis  or  the  oartli  itaelf  docs  not  yatj  iu  iU  reUtioa  to 
tho  sun. 

Itut  tho  N  and  S  poles  of  llie  earth  an  continual!;  altoring  in 
thoir  presentation  to  tho  sun  ;  if  any  magnetic  forco  czisted,  tho 
earth's  nxis  would  sway  in  spaco  with  tho  seasons :  not  oven 
tho  porsiBteDce  of  motion,  as  shown  by  tho  gyroscope,  would 
rerist  this  steadily  varying  stress  of  changing  position  ia  a  field 
of  magnetic  force. 

89j.  Cleric  MaxaielV*  theory  of  light  is  that  IJK^t  itself  is  an 
oloctro-magnetic  diHturbanco:  he  conceives  that  eWtro-magnotio 
action  is  transmitted  across  space  by  waves  at  light  angles  to 
tho  line  of  transmission,  as  light  is;  that  electricity  and  light 
have  the  same  absolute  velocity,  and  that  as  a  consequence  all 
true  conductore  of  electricity  jno  opaque,  as  to  which  see  i  650. 
It  18  now  steadily  aaaorted  by  the  hypotheticul  tyiie  of  scientists 
that  this  theory  has  be«n  proved  by  Ilortx's  experinientM ;  it 
will  ho  shown  later  on  that  these  expi^rimeuls  Wiir  an  ontiroly 
difforeot  explanation,  but  sncli  detomiined  aaaertiouH  by  omiui'ut 
men  influence  tlie  minds  of  those  who  do  not  think  fur  tbein- 
sclvoB. 

SS4.  HhTiixwelVa  theory  has  been  entirely  transfonnod,  and 
what  in  now  supported  is  quite  a  dificrent  matter.  Whnt  Clerk 
lUaswtlt  suggested  was  that  radiant  energy  had  a  three-fold 
function,  und  he  gave  a  diagram  of  it :  bin  idea  waa  that  tlio 
rays  undulating  tmu aversely  to  tlieir  line  of  propagation,  tho 
direct  or  linear  action  was  U<}ht,  the  aeticm  in  ono  plane  at  right 
angles  waa  rhetricitij,  and  in  tlie  other  piano  was  magnelia ;  now 
this  of  uooesRity  imuliea  that  tlie  tftralton*  of  oil  ore  vi«mJ.WiJ.. 
"i  1  't 
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885.  But  what  is  now  tmiglit  is  that  all  tlicso  nro  TilirnLioim, 
but  of  tckotly  (liferent  ordtn:  that  slow  undiiUtJODKiira  eluctricml 
and  mngnctip,  nnd  rapid  onee  oro  light.     ^Vh«t  llie  flortr,  ei- 
jjcriraeiits  nro  alleeed  to  [irovo  is  that  cloctrio  miil  magnutit 
iiropttgntion  ik  of  the  nature  of  undulntioo,  and  thut  tli^^rcfucfl 
light  (tnd  olectro-mngnotiam  aro  of  the  snmc  onlur,  dilTi^ria^ 
only  in  rate,  om  do  the  iindnlatione  whidli  produoo  }i«at  and  light. 
Thismuy  be  true  or  faUo,  hut  it  ia  cot  whdt  Clvrk  Maxwell 
meant. 

8S6.  Bnti«  ■(  tr>tet  Is  it  not  one  of  the  most  certain  tliiiisB 
within  oni'  knowlc<lgc  that  light  uud  niagniitisin  aru  eaBentiaUjT 
distinct?  Thecertitin  fuctthnt  light  in  diructlylinuar — a  Straight ' 
motion  din^c-ted  tmly  from  its  source,  wliilc  magnetism  iaalways 
fliroctod  in  a  ciirvo,  and  controlled  at  all  points  of  its  circnit — ia 
an  altauluto  ountnidiction  to  the  idea  of  their    similarity  of 

Aiiutlier  cl<^r  proof  tbnt  they  havo  no  identity  of  nature  j| 

the  certain  fact  that  ntdiaiit  nietion  of  light  onoe  aotop.  tMrf&tfi; 

will  divert  it,  uiiltiSM  tliu  ray«  full  on  an  objwst  whieh  can   reflect 

or  lefract  it ;  matter  can  do  this,  or  it  can  cxtinguiKh  the  light 

altogether  by  absorption.     But  magnetio  linee  can  bo  nttmctvd 

out  of  their  iliroction  altogether  by  any  matter  which  [HMweam 

higher  capacity  than  the  original  medium,  and  yet  nothing  OUfa 

absorb  or  extinguish   then)  :    tho  attracting  agont  can  onM 

transmit  them,  and  coustttuto  a  more  favourable  circuit.  ^ 

687.  Neither  Hurla  nor  an^  one  eleo  has  given  any  oridonM 

whatever  that  the  propagation  of  oloctrio  or  magnfitio  action 

or  force  is  undulatery :  they  have  produced  eucccBsivo  impulses 

or  disturbance  in   rythmic  order,  and  it  is  these  iinpnues  to 

which  their  reeultu  relate  ;  but  any  n,'thmic  disturlionce  which 

grows  gradually  (as  every  disturbance  docs)  ia  of  uecetaity  propH 

gated  US  an  undulation  in  the  transmitting  agent.  H 

Let  UH  coDCcivo  a  church  hell  whose  note  is  16  undulations  • 

Kcoond,  struck  at  intervaln  of  15  seconds;    we  have  now    two 

ordcra  of  aouiid  effects :  both  may  bo  tailed  uavts  of  toutid,  but 

only  one  can  ho  calli^d  sound  waves.     Wo  have  the  continuous 

vibrations,  the  sonnd  waves  iC  to  the  second,  whi-'ther  weak  or 

strijiig i  and  wo  havo  the  sound  of  euch  stioko  giving  a  wavo, 

nut  of  sound  itself,  but  of  strength  of  sound — waves,  that  is, 

not  of  propagation,  but  of  rising  amplitude.     Hcria's  oxpori- 

meut«  may  have  proved  the  undulatory  uatoro  of  the  trans- 

mi»don  of  the  impulse  of  induction,  magm^tio  or  electric,  the 

analogue,  notof  tho  notes  o/the  boll,  but  of  tlie  strokes  on  thfl 

bell ;  but  of  the  nature  of  the  propagation  of  the  forces,  tlic 

«xporiment«  teach  us  nothing. 
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888.  That  tljero  is  a  oonnootion  between  light  and  electricity 
u  oeilAiu  from  tbo  eEToota  of  eloctric  stress  upon  the  trans- 
parency of  sulistancefl  and  from  the  fact  that  the  specific 
inductire  capacity  is  rtlatt-d  tii  the  squaro  of  the  index  of 
refraction  ;  this  ia  a  result  of  the  theory  which  is  approxiniatoly 
truti  for  rays  of  great  wave-lengtb.  But  it  may  lie  doubled 
whether  all  the  coincidences  are  not  conset^iionccs  of  the  mole- 
cular actions  of  both  light  and  electricity  upon  matter,  rather 
than  evidenoea  of  ideotity  of  nature  or  action;  if  electrical 
action  and  pn^Mgatlon  consist  of  rotations  of  molecules  nndcr 
tbo  inflnoDce  of  a  force' transmitted  from  one  to  another  in  a 
lino,  it  is  clear  that  there  must  bo  poiut«  of  rcBomblanoc  and 
occiwii'innlly  njiparcnt  relations  to  the  motions  or  nndulutions 
whicli  transmit  the  radiant  forces.  At  present  thu  tlicory  is  only 
a  mutter  of  speculation,  but  it  may  wltimatcly  hioonie  of  impor- 
tiincc  iiicouuwtionwilb  the  tranBraiseion  of  energy  acrues  spaco, 
and  fur  tJiat  reason  it  is  considered  here, 

885.  Atmosi-iiereo  Ei-BCFKicrrv. — Innsmnch  M  every  dieniioal 
uelioii  or  even  meohanitnl  dintnrlMnce  of  molecular  nrraugo- 
uionts  sets  u^i  electrical  eouditiocH,  vrbioh  very  oncD  aro 
regarded  as  causes  vrlicu  tliey  itro  mcio  oonaequeiicea  (as  in 
the  phenomena  of  lifo),  wo  might  expect  to  find  tbo  moving 
and  changing  atmosphere  in  a  oonstantly  varying  electrical 
condition,  varying  in  fact  not  only  in  time,  but  at  even  neigh- 
iKiiiririg  places.  We  may  also  1k>  CL-rtuin  that  these  changes 
must  react  upon  the  vital  actions  and  sensations  of  all  or^nnisms 
influoncetl  l>y  them,  and  that  the  average  electrical  condition  of 
any  place  will  be  an  imjicrtant  element  in  its  climatic  qualities; 
but  very  little  i»  as  yet  known  on  this  subject. 

890.  Till!  ulcelrie  condition  of  any  point  in  tlio  atmiwpburo  la 
olwerved  by  means  of  a  conductor  terminating  at  tliat  iiuint  and 
brought  to  the  same  [Hitential.  Thi*  may  bo  cfTtinted  by  moans 
of  living  vegetables,  such  m  grass  and  leaves,  whioli  are  moro 
effective  than  the  puiutud  mcrtAlliu  conductor;  it  ts  more  00m- 
Bionly  effected  by  meiinit  of  a  flame  or  a  roll  nf  Bmimldtring  touch- 
paper  at  the  end  of  the  cimdiictnr— Sir  W.  Thomson  uses  a 
metallic  cisteni  of  water  filt<;d  ivitli  a  tube  from  which  the 
water  continually  drops.  Thcsu  conduolora  are  insulated  from 
the  earth  and  oonnuoted  to  ibu  eleotromcTter,  such  as  one  of 
tbo  pairs  of  the  quadrant  elect roroe t«r ;  Uie  other  pair  Iwine 
put  to  "  earth  "  so  as  to  indicatu  the  "  differonco  of  potential  ' 
between  the  earth's  surfaoe  and  the  point  of  the  conductor, 
Qreetcr  elevations  may  he  explored  by  means  of  kites,  the  string 
of  which  may  contain  a  wire.  It  was  by  such  means  that 
Fraaklin  cfitablislied  the  identity  of  lightning  aud  electricity  •, 
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Ijut  it  is  a  dangOTOQS  experiment  and  more  Umd  one  has 
liiR  life  iu  making  it. 

891  ■  Sir  \V.  Tiiomaon  found  a  difierouoo  of  i>ot©ntiaI  of  4)0  vol 
in  9  feet,  or  from  2  j  to  46  per  fuot,  at  tlio  late  of  Arran,  and  40 1 
Aberdeen.     But  wo  cannot  legitiiuateiy  duJuce  from  tliis  that  a 
aiuiilar  rate  of  iuoreaso  extendfi  to  any  great  diatanoo  from  tho 
oartli's  Burfaoo.  M 

Ttie  electrification  varies,  being  at  ila  highest  aboat  8  jL.ifl 
and  8  to  9  p.m.  in  summer,  and  10  a.m.  and  6  r.M.  in  winter,  and 
lowest  aliout  j  p.m.  and  midnight :  this  really  indicates  that  ij 
is  highest  just  when  the  greatest  change  of  temperature  ■ 
and  when  the  dew-fall  and  evaporation  are  greatest.     It 
interest  some  to  know  that  an  east  wind  always  laifics  tho 
eleolrification  while  rain  is  aluost  always  atfamded  with 
potential  in  the  air. 

S91.  IVifesBor  Palmieri  finds  that  in  Italy  tho  condition 
always  +  when  neither  rain  nor  snow  or  hail  is  falling  withi 
150  kilometres;  if  —  electricity  is  found  with  a  clear  aki 
downfall  at  a  little  distauoo  may  bo  inferred.  But  Profei 
Mitchie  Smith  found  that  at  Madras,  with  a  dry  land  wind,  tt 
putontial  is  —  after  9  a.m.  till  the  hch  brceuj  hqU  iu  ;  thoso 
oliserTiitions  ifally  coincide  with  those  of  tho  Italian  ubeorvori 
and  they  prove  that  atmoephorio  electricity  is  not  a  coamioal 
plujnomenou  ;  that  it  ia  not  related  t<j  or  origiiitilud  from  »paoo 
inwards,  but  an  action  from  the  oorlh  outwards  uud  ri^t<>d  tO 
tho  outer  layers  of  the  ntmosphere.  jj 

891.  This  cleeti'iliuiition  is  in  no  sense  a  static  charge;  it  9 
eimply  u  ciiuditiun  set  up  in  the  sir  analogous  to  that  'whiuli 
cxistt)  in  thu  gWs  of  a  Leyden  jar ;  the  surface  of  tlie  eartli  an 
the  nir  liuve  oqual  +  and  —  electric  qtiuntilios  distribuU'd  o 
them,  or  inasmudi  as  there  is  really  no  "  (jiiontity  "  at  all  on 
earth's  nurfoce  (or,  if  it  is  considered  as  liaving  a  —  charge  ita 
quantity  varies  with  tlio  thickness  of  the  air  ouiu]>ated  with  iC 
what  is  really  measured  is  the  energy  stored  in  tho  "  field 
iuroo"  constituted  by  tho  air  space:   therefore  there  roi 
nothing  to  aot  towards  exU-rnal  sj'aco. 

B54.  It  may  Iw  worthy  of  consideration  whether  «  diffore: 
oftUclrie  potential  exists  at  all  in  tlio  atmosphere  in  ordi 
conditiouB,  or  at  all  events  whether  more  tliaii  a  small  portion  d 
what  is  observed  exists  as  such.    It  is  most  probable  that  a  con- 
tinually varying  eleolnfieation  is  ri-ally  produced  by  tho  frictiOBH 
of  wind  and  ofcloud  masses  i  hut  it  may  be  that  the  great«j| 
part  of  the  observed  effect  is  due  to  the  instrumenla  themselves; 
that  the  eitar^e  ie  potential  energy,  nut  uleutricity,  and  that  tha 
conductor  of  the  lUDtruni'Hils,  by  providing  the  return  oircui*'* 
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cstnbliahofl  tho  oooditioDS  undor  which  tho  potontUil  «n«rgy 
takos  tho  funn  of  K  M  F. 

89^.  Hvaporalion  Trom  tha  salt-contttining  walonof  tho  iMrth 
htw  tKioD  commonlv  rognrdod  as  tho  Bonroo  of  ntmoiipiieria 
oloctri city,  this  act  boing  BUpposcd  to  carry  off  +  clfctricitj' iKi<l 
BO  leave  tho  earth  it«clf  —  ;  biittho  bftlanuvofoviilcnMi  iDili(uit(iii 
that  oloctricity  is  not  dovoloixxi  I^  quiot  ovnporution.  TlioiM 
«ximriiuQnt«  vhich  indicnto  its  proiluctiuii  aro  ntbeaded  with 
other  caUHct).  &iich  as  chemical  action  Dpon  thu  ooiilaiiiiti^  vcssiil, 
or  else  friction  not  up  by  rapiiily  isaiiing  steam.  FuriuUy 
examined  tliis  stilijoct  witli  hh  usual  catl-,  with  tlic  result  that 
thu  electricity  wits  due  not  to  thcevapnration.hut  to  tlie  friotioii 
of  jwrLiclt^B  of  water,  Ac,  carried  by  tiiu  issuing  steutii ;  he  also 
foond  thut  the  addition  of  vurioue  Hubstanoeii  modified  the  reeult, 
aa  aotiun  ivhich  is  traceable  to  changes  in  tho  eurfuoes  of  tha 
particles  of  water. 

896.  ItuL  it  is  must  prolmblo  that  although  eva^Ktratiou  dues 
not  dir&ctly  set  up  (lilfereuuo  of  electriu  potentials,  or  geueiato 
"  electricity,"  it  ia  yet  tho  origin  of  tho  greater  part  of  tho 
phenomena  of  atmoapherio  electricity.  It  is  the  great  agency 
fur  storing  up  the  putentiai  energy  derived  from  the  «un,  ana  diii- 
triljuting  it  over  to©  earth,  and  the  phenomena  of  electricity, 
whether  in  the  thunderstorm  or  the  incessant  qaict  changes 
going  on,  an?  part  of  the  process  by  whidi  the  potential  energy 
stored  in  tho  vapour  is  transformed  into  tho  various  forms  of 
force  oiuployod  by  nature. 

^Vhcn  we  consider  that  t  pound  of  waterBtores(8pOBkingonly 
in  round  numbers)  over  700^000  foot-lbs.  of  energy,  and  that,  M 
explained  §  642,  poti^ntial  energy  develops  "electric  potential  " 
UtidL'r  proper  couditions,  we  can  have  no  difficulty  in  under- 
standing where  atRiosphoric  eloclricity  comes  from. 

Ho  also  the  sudden  ohangee  of  electric  potontial  are  intelligible 
if  wo  imagine  a  mats  of  vapour  as  LaTiug  undergone  suoli 
ohangtsas  partly  condense  It  into  a  cloud,  a  ooUection  of  minute 
electrified  vesicles,  which  gradually  cimlesco  into  niin-dro|is ; 
hero  WQ  have  couditions  in  which  tho  charge  is  gradually 
accumulated  npon  Murfnces  growing  smaller,  therefore  tho 
potential  rises  until,  us  in  tlie  oaaa  of  ordinary  discharge— 1$  98, 
104  (</) — tho  diulectrie  resistance  of  the  air  is  overcome  aud 
discharge  ooonrs  as  a  flusli  of  lightning,  l>otweou  the  cloud  aud 
either  another  oloud  or  the  surface  of  the  earth,  forming  tho 
other  charged  part  of  the  electrified  system. 

897.  When  a  flash  of  lightning  iwouru  we  oan  oonoeive  it  as 
dno  to  the  transformation  of  the  potential  energy  of  the  vapour 
ID  thu  air,  all  along  tho  track  of  the  lluuh,  which  is  tho  axis  oi 


I 


TKRRKrrRlAL    ItLECTSIdTT. 


tlin  field  of  foroo  not  np  :  tliig  energy  iK^ing  thun  tntniiforraod 
into  dynamic  otoclricity  nnd  it«  atlcndunt  worit,  tli«  v«j>aar 
coiidoii'seB  into  water  and  we  hnvo  the  ijlTcct  bo  <^oI^Inonly 
uotiofd  in  thundurBtorma,  of  on  inntuiituiieouit  downpour  of 
water  accompanying  the  flush. 

898.  Earthiunkra  and  voleanic  eniptumi  ore  nttondod  with 
powerful  cloctrio  dificlinrgcs,  which  ar«  probnUy  oonaoqaenotfl 
of  Iho  mcchaniciil  energy  espcndi:d,  or  of  oheraiMil  action  of 
water  upon  heiilcd  inofiaes  of  earth.  It  is  pn)k:ilil<:>  that  further 
el'idy  will  enable  tlicm  to  be  foreseen  by  nicaiin  o(  Uifuto  notion*, 
M  the  grinding  of  the  rocks  will  fiirnis!i  indicutiunti  of  tli«  iIia* 
Inrbanco  gning;  on  Inng  before  it  culiuiimtes  in  the  full  action. 
Buried  micropljuneii  Iniusiuit  sound  as  a  coutioqueuccL  During 
the  tremendixiii  eruption  of  3lount  Erakaton  in  Java,  August 
iSElj,  the  telephunea  in  Singapore,  500  niilett  distant,  were  ho 
afl'ecttid  that  oonveTBalion  was  inijKiBfiible  and  a  perfect  roar  as 
of  a  waterfall  was  heard,  with  occasional  reports  as  of  a  piHtol. 
This  effect  was  duo  to  action  upon  a  sliorl  U'ngtb  of  submerged 
cable  by  the  Ircniors  in  the  enrth. 

In  lilto  iiinniier  iplophones  nic  affeotH  by  lightning  even 
at  a  coneidcrnble  di.vfancts  partly  by  induction  <jn  tho  wi 
partly  by  variution  in  the  magnetic  intensity,  ati  do«cri 
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890.  WalmrpauU  n»il  cyehina  also  ar«  elootrioal  in  character, 
and  it  is  utatod  that  Professor  Donglaa  of  Bfichigan  has  pro- 
duced artificial  (or  imitatioua  of)  cyclones  by  sueponding  n  largo 
jdnte  of  copper  \iy  silk  threads  luid  etningly  charging  it  with 
electricity.  Tile  result  is  u  miniature  cyclone,  funnel-ehnjied 
and  whirling  around,  which,  ais  Ihe  plate  is  uiovod  over  a  tablo, 
pieka  up  loose  objects. 

900.  TiluBiriKKsioitMB,^ — Tho  common  cnnocption  of  lightning 
may  almost  be  desoriboil  as  a  Wliuf  that  there  is  eomothing 

fiacKcd  away  in  the  clouds,  which  at  suiuu  unoerlain  moment 
nils  from  them  as  a  "  thuiidcr-liolt,"  or  nialies  out  upon  tho 
earth  as  a  discharge  of  "electric  fluid."  with  destructive  elTects, 
rcfiembling  in  some  degree  those  of  the  burtitiug  of  a  reservoir 
of  water.  Tho  conductor  is  regarded  as  having  some  altraftum 
for  the  "  bolt,"  and  also  as  a  ]iipo  to  receive  and  corrj-  off  tho 
fluid.  Those  ideas  are  not  only  enoneous  sdcnlirieally,  but 
ihcy  are  tho  source  of  mauy  piactioal mistakes  in  tlie  setting  up 
of  conductors,  which  eometinies  lead  to  fatal  results. 

'I'hoso  who  bavo  comprehended  tho  princi])le8  of  atalio  eloc- 
ft  tricity  explained  in  Chapter  II.  Mill  sec  that  they  are  applicablo 
I  lo  tho  present  Kubjcct,  as  lightning  is  strictly  analogous  to  tho 
I    nrliliGial  electric  discharge.    They  will  at  ouoo  noderetand  that 


tlia  (l:sn}irkr|;e  (Ii^ch  nnt  ntcrely  iMSiio  from  the  oloudit  niid  niitb  to 
tbe  enrtli,  \mt  thut  the  lalt£r  fulfilM  m  function  jiiMtaK  imjiortaiit 
AB  tliut  of  t.liu  t'loiiils;  tho  latter  aro  in(l«u<l  thn  "tinniu  Lvin- 
ilnctors"  of  nature's  greut  cluotricul  mnohiiK^  but  tnft  fon.v  t* 
ilietiibiitb'd  over  a,  vn«t  "  iniluctiv<;oircuit,"flf  wbioh  Uiu  mrund 
the  eurtb  fitmi  its  nuinU  li  mrt  utt  tbu  oluu^a  tbemiKlvefi,  Miil  Uia 
diKcliiirgo  is  a  rciUiitributioii  of  force  ull  over  tbtii  iuduutive 
circuit,  not  uc'rowt  llie  uir  wiiiiply. 

901.  Tho  tbuiider-ciond  is  to  nil  intents  a  ooudenBcr  jilato 
upon  wbioli  lemiinatwi  a  circuit,  nml  tbere  are  two  varielK-a  of 
thundeititonii.  wbiob  4ii>|ietid  ujion  the  nature  of  the  opiioaitu 
cundvusing  plate,  Thi§  may  \<&  anolber  cloud  aboT«,  or  nt  a 
diatauoe  from  ibe  firet ;  thou  the  dischnrj^es  occur  between  the 
clouds  tbemselvea,  and  the  only  elfect  on  tbo  earth  is  iuductivo, 
ami  Uflually  ^lij^bt ;  this  is  tho  case  with  what  is  called  sheet 
lightnin;",  in  which  tho  clouds  are  vividly  illuminatod,  lint 
tliere  is  no  line  of  light  viublo.  In  the  other  class  tho  «nrr<ioo 
of  the  oartb  forms  tlio  second  condenser  plate,  tho  air  and  all 
iHxlics  Iwtwcen  tliu  cIooiIh  and  tlio  earth  are  "  [lolariM^d,"  and 
usDumonconditiontknaloguUB  to  that  )iro)1uoed  in  the  neigblHiui' 
bood  of  nn  elcotrio  maohiue  at  work.  I)i»nhargo  at  la«t  ocenrB 
in  nnu  vr  morelinuu  in  wliivh  the  resiat«iic« bapjiMia  to  be  leuMt, 
when  tlio  tension  in  greater  than  the  rcsistnncu  of  tliu  oircait 
cttQ  KUHtiun.  Very  slight  cireimistAnccH  determine  the  direetiou 
of  Ihlit  diBdiarii^ :  an  animal  standing  on  the  gromul,a  tre^',  tbo 
prraenoe  of  «xtra  luoiKtuie,  ur  «  luutallio  vein,  or  a  range  of 
piping  in  the  ground  may  sufiW. 

001.  This  is  very  evident  tti  the  case  of  ships  at  sea:  tbey 
wilt  not  only  draw  a  flash  of  lightning,  but  there  it  good  reason 
lo  believe  that  they  frequently  causo  a  change  in  the  direction 
of  tho  wind  itself  by  tho  cJectrical  conditions  they  ^et  up.  It  itt 
a  common  rircuinstMico  for  n  etinollclond  toarisoand  work  half 
round  n  vessel,  and  at  lost  come  towards  it  and  take  it  ulxiek 
more  or  less  suddenly.  If  tho  patli  nf  the  cloud  be  traced  out  it 
will  befonnd  tube  a  iiarabolii;  the  original  motion  bt'ing  gradu- 
ally diminishoil,  and  ita  direction  diverted  to  Ibe  vessel.  I  have 
freijuenlly  seen  tbiti  occur;  011  one  occasion  a  heavy  miujill-cloiid 
r<M<e  on  the  weather  bow  of  a  ship  I  was  in;  itoroiwed  ourooutso 
and  went  away  to  leewatd,  wo  running  up  nearer  and  nearer 
to  it«  path :  tbo  cloud  tbeu  titopjied,  nkpidly  returned  townrda 
us,  against  the  wind  wo  bad,  and  on  it  rnaehed  above  us,  ft 
violent  olumgo  of  wind  occurred,  the  cloud  thtuw  out  its  charge, 
struck  the  ton  and  main  toj)-{;aUant  masts,  and  killed  two 
men. 

It  will  be  easily  oonoeived  that  a  large  v«fsel,  with  its  tbiea 
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EoaBts  Uiootily  salictit  pointtt  uni^iig  from  UMtitftk'a  atartoioo  in 
the  neighlxjtirhood,  must  ulluct  tbo  uleotrioal  ooDdttioiis  nround 
it,  aud  tliiit  this  may  bo  tho  canse  of  Budden  ohaugeti  of  wind. 
To  this  aaniu  onlor  liclong  .-»  variety  nf  natural  phenomena.  hiioH 
as  whitt  sailors  civil  St.  Elmo's  FJre,  when  the  poiuta  of  mu-tln 
and  ynrde  are  tiiipeil  with  laiiibuiit  ilamoii,  r&soiubling  the  bniHh 
discniirgD  of  our  machini.'8. 

90).  liidl  Lightnin-j  is  of  80  faro  occnrro&oe,  and  bo  dangtiroiis 
and  terrifyiug,  that  trustworthy  accounts  aro  not  ruudily 
obtaicod.  It  a{ipoiiie  to  consist  of  »  fiory  globe  of  a  roddiKli 
tint  rotating  ou  ila  axis,  which  lilowly  travvrBoe  the  ground, 
sometimes  at  a  few  feet  oluTatiun,  whicli  iu  sums  oases  oxp1odi!« 
with  a  loud  noise  and  emits  vivid  flashes  of  Ughtuitii;  in  all 
directions.  Its  truly  eleolrio  nature  was  long  doubted  becuuM 
nothing  resembling  it  was  seen  iu  electric  ex^riments.  But 
among  the  many  ciuions  effects  oblaipud  byM,  Plantf-,  with  hiH 
enormous  Hecondary  battery  and  condouser  arrangement,  lie  hiw 
mot  witli  and  deaorilxid  something  strongly  resembling  IhJ^ 
li^htuin^.  The  experiment  consists  of  1h-o  conductors,  oi^ 
(lippiug  lutu  diluto  acid,  while  tho  other  is  held  a  little  above^ 
after  Cist  dipping  in  :  this  prodncos  a  kind  of  brush  dischargQ 
through  films  of  moisture  or  vapour,  which  form  Kn  appaiCOH 
globe  of  fire  rotating  on  its  axis,  ^| 

Uall  lightning  appears  to  be  a  glow  or  brush  diaohnrgo 
formed  uiKm  a  muss  of  dust  or  vapour,  and  possibly  oonnoctod 
with  a  small  whirlwind;  this  serves  ne  a  focus  upon  which  are 
concentnitud  the  lines  of  furco  from  a  moving  cloud,  which 
ciuriea  this  opposite  pole  along  the  ground,  and  idtiniately 
either  the  c;tciteincnt  is  quietly  exhausted  when  tho  ball  iliH-_ 
appears,  or  it  risi-s  lo  the  point  of  violent  discharge.  Alnny 
the  aceuiiuts  of  liall  lightning  indjoate  tliat  the  balls  form 
low  and  moist  spot^and  often  in  connection  with  fogs. 

904.  In  tho  true  thundei-storm  the  cloud  oonGists  of  a  1 
of  luyers   or  eonee    oppositely    eleotrlGed,   with    a   similurl] 
arranged  but  opposite  series  on   the  earth  beneath,  tho 
between  completing  an  eleotrio  cironit.    Suoh  a  circuit  ts  of 
extended  over  many  miles,  so  that  when  a  discharge  ocoura  1 
one  extremity  a  oon'ospondiug  one  in  the  reverse  dircotic 
(somstiiQeH  called  the  baek  strolce)oceura  at  the  other  extremity 
perhaps  twenty  miles  away.    The  clouds  thcniaolves  may 
only  100  feet  away,  or  two  or  three  miles.    Flashes  of  such' 
length  have  indeed  been  meaiiured  by  the  angle  occupied  by 
tho  line  of  light  and  the  period  between   tho  flash  and 
Wiund  of  the  thunder,     f^overal  attempts  have  also  been  mad 
to  meostire  tho  timo  occupied  by  a  discharge.    Moving  object 
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vhen  photographed  by  ita  liRlit,  appear  as  distinct  aa  if 
Btatioiiary,  but  by  uieaus  of  revolving  mirrors  it  lias  been 
flacorUined  that  the  actual  dnration  of  a  Sash  is  sometbint;  leu 
than  i-24,oootb  of  a  second,  and  it  may  bo  even  lees  than  a 
tnilliontb ;  its  apparent  duration  ia  an  effect  of  our  own  ojoe, 
duo  to  what  ia  called  iwr*istenco  of  vision,  owing  to  which  wo 
cannot  lose  an  impression  onoo  pioducod  iu  much  lees  than  a 
eixtb  of  a  second,  on  which  principle  are  basod  so  many  optical 
toys.  Somo  photographs  are  said  to  show  much  lon|;er  pc^riods, 
bat  they  cannut  oiitwoij^h  so  many  observations,  $  910. 

^o;.  Porhaps  the  most  complete  and  insCructivo  aooonnt  wo 
hnvo  of  the  phonomona  of  a  thunderstorm  is  that  of  Mr.  Croite, 
who  Hat  up  a  cotlectin)^  system  of  wires  and  iMporimcntal 
appuratuB  for  the  purpose  of  investigatin);  the  facts,    llo  saye : — 

Whnn  t)ii>  gIou'I  dnwt  D«iir,  lh«  pith  bslli  tUFpeoilfl  Trnin  tho  coniTiiclor  (•{)tn 
wid«  nilh  «ilhi<r  +  m  —  cleclrirhjr;  sad  whm  Ibv  viga  otthv  «laurl  in  ]H;rprDdl> 
cular  to  tho  siploi'in^  win,  ■  (law  >u«*Bioti  if  duchami  takca  ptict  Iwtwmi 
thi  br>u*  bolJ  of  the  conduciiir  nnd  ouo  ofoigQal  liic  »niaU]r  ooniisvtdl  wlih  the 
nenmt  ipot  of  mnUt  groaikd.  AAir  n  numbui  of  «(plwiinu  of,  uy  —  oiccliicitj, 
whfoh  It  fint  mtj  be  nine  or  ten  a  miaulc,  a  rrjiiflin  ■xcan  cf  some  sac<iD>U  ur 
miiiuto.  u  the  cue  uiaj  bf,  when  aboiil  in  fqnal  nnmlwr  of  eiploiloiu  of  -|- 
fllmliiritf  followi,  of  limllur  tine  to  the  former,  md^lavf  thi  fniuafja  of  fir* 
eppaiiUli/  and  t^fially  elmlnjictl  Mnet  0/  etnud.  Tlien  lotloTri  n  •riiiD>l  lODa  of 
—  electricity,  ovca>loiilii£  iirrrat  mor*  dUcbar^  ■  minula  thno  llie  lirat  pair  of 
ti'oei,  whlcli  ra(«  of  iaaDai*  ni>|>»n  lo  ran  McordiaK  tu  tlu'  >>i'  arnt  [luwEr 
af  ibn  cloud.  .  ,  .  Whici  lb«  cwire  of  thtdoua  it  vvrlinl  to  ihu  wirt  Iho  cnnlatl 
eflnt  Ukn  pliKi*.  ...  At  th«  dond  puui  onwtnli  thu  Dp|><»it<  jMrtlout  of  the 
ivon,  vhioh  tinl  nOcclod  the  nirr,  come  into  yUj ;  uud  the  efloct  ia  ir«ali*n*d 
with  enah  aucccsilvc  pair  till  nil  dlu  anjr. 

This  duBcription  doos  not  accord  with  tho  "  fluid  "  thoorios, 
oven  in  tlieir  modem  form  of  ether,  or  with  the  idea  of  chnrgcs 
of  free  olootricity :  but  it  doon  sgroo  wiLli  tho  0i<uct3]ition  of 


olectnoity  as  a  putar  force  KtliiiK  up  Blrc686a  in  matter,  Htoriuj^ 
np  energy  in  those  stresses  uiitQ  tho  oapaotly  is  exot 
the  energy  breaks  fortJi  as  heal  and  ra«ctutnical  work. 


906.  The  dmtance  of  a  Ihumlertlvrm  may  bo  reckoned  by  tho 
intorval  betwuen  the  tUah  and  tho  first  sound  of  tho  thuudi-r,  aa 
sound  travels  about  1100  feet  per  seooud,  which  ia  nearly  4J 
seconds  per  mile,  ivhite  light  travels  practically  in  do  time. 
The  duration  of  a  peal  of  thunder  also  gives  an  approximate 
measure  of  the  space  over  which  the  storm  extends. 

907.  Tho  real  brigklntM  or  illumiualiug  power  of  lightning  is 
vastly  greater  than  it  appears  to  bo,  booause  tho  eye  takes  timo 
to  receive  the  imprussion,  and  spreads  over  tho  period  of  ono- 
sixth  of  a  second  ihe  effect  of  energy  actually  oxpondod  in  bo 
much  shorl«r  an  interval,  S  904.    A  more  just  idos  cf  tho  roal 
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liglit-Riving  pnwttr  in  obtAinoi!  wlion  wc  reBeot  tbat  tills  line  of 
light  {rcDQiiibling  tVio  carbon  throud  of  tti6  inoandcscent  lamps' 
la  capable  of  ilium innliug  a  wide  laiidsrape. 

908.  Ligbtiiitig  i^  nut  a  luoro  lino,  audi  aa  it  appears  to  1 
sight — iiidetid,  ihiit  lino  is  piissibly  enongh  only  a  visu;*!  i 
predion  of  a  spark  r.ipidly  passing  along  tho  line  ;  but  this  H 
is  only  the  asis,  tlw  most  iut«iiso  part  of  a  large  area  tnkiug 
part  in  tlio  act  of  disobargo.  Tiiere  havo  been  finqiiflnt  casca  of 
the  same  flaah  doing  injury  at  several  points,  distant  jo  or  40 
yards  from  uach  other :  also  it  is  observed  that  a  iiiimbor  of 
vinos  (wluohara  specially  sensitive  to  lit^htoing)  maybe  injarcd 
by  the  same  stroke  to  as  many  ss  so<^oral  hiindrod. 

909.  It  is  frequently  stated  that  tho  bodies  of  those  killed  by 
lightning  are  marked  by  improssions  of  noighV)onring  objoctii. 
and  even  that  those  are,  as  it  wore,  photographed  upon  the  skins 
of  people  who  have  roceivod  little  injury.  Ifow  far  this  is  true 
is  uncertain,  but  tliore  are  many  apparently  iiutbonti*!  acoimnls 
of  aocb  effects:  it  Boems  probable  onongh  thiit  iiny  objoct,  unoh 
oaa  mHaltio  Burfaoe,  which  modifies  the  path  ol  tlie  i.-urrcnt, 
and  to  eomo  extent  coud^nscs  a  cbargo  npou  it  and  Rurvtm  as  a 
fn-sli  centre  of  lu-lion.  may  form  tho  outhuus  uf  it»  sliapo.  But 
what  is  most  commonly  observed  are  straggling  linos,  whioli  look 
like  branches  of  trees,  and  are  ficquuntly  said  to  be  pictures  of 
neighbouring  troos.  tiome  have  tliought  that  these  marks  ars 
duo  to  congestion  of  (he  small  superficial  veius ;  but  a  oompaiv 
son  of  many  drawings  and  photograplis  of  such  markings  with 
similar  drawings  or  smoke  pictures  of  the  electrio  dischar^  will 
leave  little  doubt  as  to  the  identity  of  the  two,  and  oonvinoo  tlio 
mind  that  these  markings  are  dimply  tho  spreading  outwards 
the  linos  of  forco  whoro  tlicy  entered  tho  skin. 

It  is  of  more  moment  to  those  who  arc  alarmod  at  ligfatni 
to  undontand  that  when  a  flash  is  seen  nil  danger  fiuiu  it  is 
passed;   a  person   struck  never  sees  tho  flash,  and  it   wo 
appittr  thot  this  death  is  instantaneous  and  painUTitH.     But  th 
are  some  constilutions  to  whom  this  can  give  little  power 
resist  the  unnerving  influenea  of  lightning,  bucauiie  tlus  is  uot 
due  to  mere  fear,  but  to  a  direct  ner\'ous  inlluence,  such  aa  ia 
Gxpericuccd    by  many  uiiimals,  and   wlucli    many  people  ex- 
puricnoo  ill  n  minor  degree  111  oonset^uonue  of  tho  electric  C' 
dilions  existing  beforo  a  «torra  bugins. 

910.  P)io%rafi(i  0/ iti//ilni'ii((  are  oflen  taken  now  that  rapt 
acting  lenses  uud  iilatcjt  nre  common:  thoir  similarity  to  the 
flashes  given  liy  the  muchiuea  is  very  inbtraclire.  A  wavy 
ribbon-like  structure  tn  oftun  observed,  Sgi2,  In  some  cases, b; 
nslDg  a  moving  plate,  the  apparent  one  fla&h  has  been  Tosol' 
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into  Beverikl  rutiMly  followinf;  eaob  othsr  aloDg;  the  Mtino  ))aLti : 
thoM  hitv«  orcouiitd  l>ueu  oliki tiled  as demonctrating Uiu  fimhioQ- 
aWo  "  oscillatioos "  of  eteetricity.  but  are  qnito  as  probably 
Eiicccasivo  discbargiai  of  cuergy  coming  from  a  largo  aioa  of 
bndly  oonduoling  cloud. 

91 1.  Dark  Jlathet  or  niarltinj^a  are  found  in  many  pbotogrupha, 
and  liavo  led  to  much  ima<;!uative  discuasion,  Tbey  aro  nro 
biibly  iiiero  optical  effocts,  of  which  two  I'xptanatioiiB  are  given 
witb  expuriniuntal  proofs :  one  cAuse  is  tbo  presonco  of  white 
cloncU  in  the  backi^round  choating  the  camora ;  tbo  other  ia 
very  strikingly  shown  in  a  photograph  by  Mr.  Adams.  EIm- 
trifian,  jxi.  p.  774.  whore  the  snn  itaclf  appears  sb  •  black  bali. 
This  ia  a  photographic  result  of  over  cxpoeiiro  and  indicates  that 
the  "  dark  "  flash  is  retilly  nn  extra  bright  ono. 

913  Spiral  path  oflii/litaing. — It  is  ofton  obsci'vod  that  spars 
and  trees  are  marked  ivith  a  dc«p  spiral  groove  cut  out  of  them ; 
I  observed  it  in  the  caso  nieationod,  S  90J,  It  might  bo  con- 
sidered that  this  results  from  the  atructure  of  timlwr,  but  I 
hiLVo  tiecu  un  Jiun  gua  pipe  similarly  markeil,  with  n  lino 
niniiiiig  along  and  round  it  aa  if  cut  witli  a  gravor.  Tlieiw 
faetH  may  throw  light  upon  the  nature  of  ooiiduoUou,  and  I 
would  suggeet  thai  the  ribbon  markings  in  pliolographa,  S  910' 
may  bo  duo  to  the  path  of  the  lightning  taking  a  spiral  form, 
inor«  evident  under  some  conditioos  of  tno  atmosphere. 

91  ].  Vaijariet  of  lighlnitig. — In  cases  of  damage  the  force 
appears  to  be  distributod  unroa^onably,  wandering  about  in 
various  directions,  and  often  mining  Boeniingly  tempting  paths. 
This  is  often  explained  by  the  instnntanooiis  nature  of  tho 
action.  This  is  n  great  mistake ;  lightning,  iuetvutl  of  being  tiosly, 
is  very  delilxirate,  u&d  fools  its  way  must  caruCuUy.  The  actual 
discharge  ia  a  matter  of  the  fraction  of  a  eoooud,  but  tho  growth 
of  "■tress  "  has  been  going  on  for  several  miuntos,  nnJ  during 
all  tbia  jioriod  "lines  of  force"  have  been  building  up  thmugh 
all  tho  Hpaoe  influenced,  and  when  the  dischargu  iwctir»  it 
merely  futlows  these  lines  of  slreas  already  traced  out,  and  tho 
«rvak  points  give  way  under  the  growing  stress. 

914.  Acooraing  to  experiments  of  Mr.  I>e  la  Hue,  S  i  iS,  a  fln&h 
of  lightning  l  mile  long  involves  an  £  At  F  of  some  }  or  4 
million  volts,  which  is  abont  6lj  volts  por  foot,  or  16  timoB  aa 

treat  as  tbo  ordinary  potoDtials  observed  by  Sir  W.  Thomson, 
891.  Lightning,  though  it  bo  a  current  of  electricity,  does 
not  obey  tho  laws  of  Ohm ;  it  dooa  not  dlstributo  itaolf  in  the 
inverse  ratio  of  tho  conductive  rr-tiistanoeB  oScring  it  a  path ;  it 
will  leave  a  o<indncting  wire  to  Ic-ap  across  an  air  space  offering 
many  thousand  timoa  ui«  rcHistiuico.     There  are  varioua  wa^a 
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of  lookine  at  thie  fact,  wliioh,  thougli  long  knowD,  has  i 
been  spociaily  Btiidied  by  Dr.  O.  Lodgi>. 

Q15.  Uo  has  shown  more  dearly  than  had  been  porcoived 
beu»«  thft   part    pUyetl   by  *'iodiictanco"  and    tho    actio 
exanioed  8498.  and  eepocially  that  w«  have  to  consider  not  • 
th«  rMUtanoe  of  a  conductor  bnt  it«  impedance,  $  ;i}.     It 
howoTVr.  doubtful  whether  any  cxpsrimcDta  with  Leydcn  ja 
can  be  identical  with  the  operationa  of  nataro*8  electric 
chai^,  and  the  vast  inductive  cirouita  aho  puta  in  operation. 

916.  Omllalion  is  also  a  conccptii^n  which  ho  ha«  rendered 
^hionablc  but  tho  theoretical  iiee  of  which  hns  great  dangers. 
Tho  idea  is  that  when  n  sudden  etrces  is  put  upon  a  circuit  tho 
liiBt  effect  is  to  prodiir'e  a  sncoemioD  of  iiltemating.  to  and  fro 
currcntd.  gi-adually  giving  way  to  tho  continuous  flux  dao  1m 
the  BtrcBs,     Tho  aniilogy  is  to  the  caflo  of  a  rcndiilum  8tm^| 
shnrnly,  or  practically  to  that  of  a  spring  whicu  vibratvn  before 
yielding  to  a  blow.     Such  cun-enta  are  uxperimeutalty  proved 
to  Ite  produced  in  niftny  cases :  but  it  should  b«  romomlMirod 
tliat  thoj-  are  pnrtjly  phenomeTia  i>/  the  conduftor,  not  of  electricity 
itaelf ;   they  are  results  of  tlie  inertia  of  matter,  J  498  (^fl 
TbereforL-  it  is  wrong  to  apply  tliein,  as  is  now  constantly  don^ 
lo  tliiHirti-a  of  tho  nature  of  ok-ctricity  or  electric  ttansniissiou ; 
the  vibmtion  of  the  noleoulea  of  a  conductor  under  a  suddenly 
apjilicd  stress  cannot  properly  be  mixed  up  with  the  impressea 
undiitationa.  S  G87,  of  the  Horta  experiments  to  prove 
electric  oHcillations  exist.    This  is  constantly  done  by  emiae 
taeo,  but  it  is  very  bad  logic. 

917.  The  alttmalin  path  is  also  a  tnie  fact,  and  Dr.  I<od(, 
experimental  illustrations  are  admirable;  but  this  alao  has 
aimplo  aspect.  It  has  boon  long  huown,  f  914,  that  natural 
lightning  or  Leyden  jar  discharges  will  leave  a  thoroughly  good 
conductor  and  break  across  the  air  enaoe  of  a  luillion-fold 
lesiatance,  and  the  rocognition  of  "impedance"  clears  away  tho 
difficulties  of  this  fact,  which  has  many  nioclianical  analogues, 
as  in  tho  case  of  a  candle  fired  at  a  board,  wliich  it  pcoetrates 
under  violent  impact,  while  it  would  crush  up  under  ft  ttoody 
pressure.  .  .         M 

913.  Whenever  tho  impedance  of  any  part  of  a  circuit  iavorjB 
great,  a  momentary  current  may  jump  over  that  part  of  tho 
circuit  and  take  a  path  which,  while  of  gmitcr  conductive 
resistance,  gives  way  moroquickly.    This  is  of  gnat  im^Htrtauc 
in  doaigning  lightning  oonductom,  bnt  it  in  nn  way  iiivoIv< 
any  reactive  innuonce  on  the  remaining  part  of  tlio  lightnin| 
path ;  it  does  not  imply  that  tho  lightning  on  tlio  w-liolo 
" oaoitlatory,"  even  if  oecillationa  could  bo  proved  to  bo  net 
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in  tho  cnrront  which  still  traverei?H  tho  good  condttctor  and 
allDniatiTo  path.  Anj  impodtuco  resulting  in  oscillatioD  would 
not  M  a  counter  K  M  F  whon  in  opposition  to  tho  roftl  stress, 
nnd  a  real  reverse  eurrenl  might  exist  in  Ihe  eowtuclor  at  that 
iiutaiit,  while  the  discharge  a«  it  whole  would  be  continnoDH  in 
diroction,  though  possibly  variable  in  dogroo ;  the  result  might 
thoruforo  bo  the  prolongation  of  tho  duration  of  a  Bash,  nnd 
perhaps  an  apparent  brenkinK  of  it  up  into  several  periods,  or 
Seemingly  sepftrate  flneht'B  following  idcntiaLlly  the  Mam«  track 
^-oonditions  which  B«vonil  photfigmphM  reveal. 

gig,  Tho  foregoing  coustdemtiona  as  to  rho  nnttin)  of  tho 
li^ntniog  discharge  will  enable  ns  to  see  what  nro  tho  Iruo 
principles  of  coudnctora  to  avoid  ita  cflVoU.  Thoy  aro  not 
intended  to  nttrnct  or  convey  a  diifharQe  /mm  tlio  clondfl, 
although  they  must  undoubtedly  invite  the  diechargo  by  sotting 
np  a  lino  of  low  reglatiiui:« ;  but  their  ubject  is  to  lower  the 
stroaa  in  the  rpaee  to  be  jirolcclad,  and  ihereforo  to  diniiniMh  the 
likolihooil  and  frequency  of  uetual  dischargoe.  Thi.'y  do  thin  iu 
a  twofold  manner: — 

^i )  Tlu-y  practically  raUa  tho  earth's  surface  to  sudi  a  curved 
boi^itt  as  oorrMpondn  to  the  electric  relations  of  tho  oondnotoi 
sad  the  air;  not  in  au  exact  inTariable  fanu.assomesappoBo  ths 
pi-otect«d  area  to  asauine ;  bnt  etill,  roughly  in  a  cone  fiuui  the 
apex  of  the  conductor,  and  of  a  radius  perhajia  e«]ual  to  half  tho 
heiKhtof  the  point,  but  this  applies  only  to  the  rod  itself.  When 
buildings  aro  in  the  included  cone  no  law  can  be  given,  as  the 
conditions  aro  aSectod  by  their  form,  materials,  and  contents. 
Whatever  the  space  protected  may  bo,  within  it  the  conductor 
lowers  or  QuUiriee  tho  condition  of  tension,  transferring  it  to  the 
Rpace  outside  the  cone,  &c-  (i)  They  react  also  npon  tho 
cxtiirior  space  iu  tho  direction  of  a  rovorsod  cone,  by  iho  dis- 
charging properties  of  points  when  forming  part  of  a  polorizcd 
area,  as  explained  f  96.  When  a  point  connecteil  to  "  earth," 
or  the  rubber  of  a  machine,  is  approached  towards  tli"  primo 
conductor,  tho  latter  cann(>t  lio  oiiargiil,  but  a  brush  diaohargo 
occurs  and  a  current  is  produced  instead.  Tho  lightning  cwn- 
diictor  acts  in  the  fame  manner:  na  e(xm  o.s  the  charged  cloud 
Approaches,  and  would  begin  to  set  up  un  "  inductive  circuit  " 
in  the  air  to  tho  cnrtli  beneath  it,  a  current  begina  to  flow 
quietly  in  tho  conductor,  the  potential  nbovc  it  is  rapidly 
lowered,  and  may  uet  be  able  to  ncciiuiulate  siiiliciontly  fur  a 
violent  discharge,  i.  c.  a  lightning  flaab,  at  all ;  but  if  it  don>, 
the  discharge  will  occur  through  tho  spnco  between  the  cloud 
and  tho  outer  area  of  the  conductor's  oono,  and  tho  oonductor 
takes  it  up  in  the  form  of  amomentaryfnCTMSOufimrreiit.    But 
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il  <l(>e«  uot  follow  tlmt  tho  wholo  <liach&rge  tnroraes  the  < 
iluotor :  Burrouadiu^  space  in  all  probability  taken  a  pAit. 

910.  These  principlM  settlu  couclusivoly  nil  qiHwtioDB  as 
llio  ooiutructJOD  of  ligbtnin);  o  inductors.  Their  objoct  should 
be  to  connect  to  oarth  every  portion  of  a  building;  and  as  this 
in  actually  poaslblo  only  with  motat  biiildinga,  thoy  shoald  oou- 
noct  uvc-ry  saliont  point  nud  tut  miidi  of  tho  surisos  as  possible) 
so  ati  to  estood  nround  thn  building  tlio  arua  of  low  polontial.or 
artificial  "oarth"  siirli'i'  iin.  k  d  to  tho  olond.  Chimn«iys 
rofjuire  espocial  mttttitiui],  Ii.-imh.si;  they  anj  tubc«  lioctl  vritk 
oouduotin);  nint«riiil,  cotitaiuing  war^ini^r  air,  and  if  ^th  fire*, 
then  extending  a  ooniiuinitivuly  good  conducting  oolomo  of 
warm  air  towards  tho  cloud,  and  ho  inviting  a  ditiohitrgv ;  hcnco 
it  is  thnt  liglituing  uluiost  always  ontuni  a  hoiutu  by 
chimnoyH.  All  doors  and  windowit  causing  currents  of 
should  be  closed  during  a  thunderstorm. 

The  idual  protoctiou  is  that  of  au  iron  ship  with  iron 
rigging,  whoro  a  copper  strip  is  carneil  acros*i  the  "  doad  cj 
so  as  to  ciiuucct  the  rigging  to  tho  hull:  it  b  soarooly  potwiUe 
for  sucli  a  ship  lo  hv  struck. 

911.  Tho  prime  oseential  is  a  gooil  earlh  rnaiKvtton,  whie 
l>eBt  obtuitiou.  iu  wator  in  goo>)  vloctrio  connection  to  tlio  1 
of  Um  surrounding  earth.  Wntvr  and  gu  mains  provide  tlie  ' 
if  the  conductor  iswoll  xecurcd  to  them;  nost  to  thL'iii 
tndtal  shaft  of  n  good  pump,  in  a  well  constantly  su|)pliod  bj 
springs;  tb«Q  ponds  or  ditches.  What  is  roqnircd  is  a  larga 
metal  surface  terminating  thu  conductor,  and  in  contact  with  a 
stratum  of  moist  earth,  bo  that  u  hole  nunk  into  wot  gravel,  into 
which  tho  conductor  is  led,  and  Kurroundcd  with  a  <jnaDtity  of 
coke  to  incronsc  ilssurl^oosof  oontuut,  willauHWur,  but  dry  clity, 
or  rock,  is  not  safi^,  and  a  oouuoction  tu  wutvr  ggntained  ia^ 
iDCro  cistom,  as  is  aometimes  emiituycd,  in  wonic  than  uaelcfl 
This  oonnoctioii  should,  if  possiblo,  Kurroutid  tliu  building^f 
moans  of  rods  from  its  various  oomen,  eithur  led  to  differaut 
earth  plates,  or  eUe  ooutinued  by  a  rod  ruuud  thu  houso  to  OM 
osrtli  connection.  ^| 

93J.  Eviiry  piece  of  metal-work  about  tho  building  sfaonld  nl 
iililiiii'd,  Hucli  as  ridgocape,  guttering,  and  wat«r  pii>oM,  Theoe 
cnnniit  Ito  trusted  as  oonductois  beoaoso  of  the  joints  in  them, 
unlcNH  tlic-iiu  are  toldcrod,  but  they  will  help  to  roini  a  pro- 
tecting network  around  the  building.  For  tlio  same  reason  a 
QOnaootion  should  bo  led  from  tho  bottom  of  the  down  pipes 
from  the  gutters  to  tho  nearest  suitable  earth,  though  a  vetji 


good  but  variable  oarth  connection  is  sot  up  from  tlieso  by 
watoritavlf  during  heavy  rain.    Tho 
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may  also  bo  advantagcouely  connectod  to  an  earth,  sudi  as  the 
Dcnixst  gw  or  water  pipes,  aa  sovoral  accidents  faaro  occurred 
from  thoir  having  cither  rocoivod  a  direct  chargo  througti  tho 
wnlle,  or  hnvinea  violoDt  current  induced  in  thorn:  compo«it!on 
gns  pipes  should  not  bo  made  part  of  ft  circuit,  as  thoy  melt 
easily  and  might  cause  a  fire. 

9Z}.  Tho  tonninals  should  bo  attached  to  all  high  or  ealiont 
poiota,  most  particularly  chimnoy- stacks  :  if  these  are  n-ido 
and  contain  Boreral  chimneys,  it  is  safer  to  liave  two  points, 
though  usually  ono  in  sufficient ;  but  tho  kitchon  chimney,  or 
any  <mo  commonly  used,  nnd  therefore  lined  with  soot,  and 
coutuiuing  vrarm  air,  should  lie  B|K!ci™Ily  attended  to.  Tho 
points  may  be  made  of  rods  of  i-inch  iron  drawn  out  to  a 
point,  rising  3  or  j  feet  nlmve  the  Iniilding ;  they  are  better 
also  for  galvnuieing.  There  is  no  advantage  in  any  of  the 
fancy  points,  patented  or  othorwisc.  Tho  thickness  of  tbo 
oondnetor  depends  upon  the  size  and  height  of  the  building. 
A  factory  chimney  or  church  stucplo  should  have  a  copper 
conduotur  of  at  Itaot  J-ioch  section,  well  prolectod  against 
injury;  for  amalk-r  buildings,  irtm  may  bo  uaud  inatoad  of 
copper.  In  ordinary  caaee  galvanized  iron  wiro  of  aliout  a 
^iuch  diameter  (such  as  is  usod  for  telegraphic  purixisue)  will 
answer,  if  led  separately  from  varions  salient  points,  and 
carried  down  tbo  difTerent  sides  of  the  house  and  omnecteil,  as 
ebore  deaoribod,  to  the  guttering,  Sec,  but  for  a  single  oonduotor 
at  loflst  ^inch  red  should  be  used.    It  appears  from  the  ex- 

riments  of  Frof.  Ilughes  nnd  l)r.  Lodge  that  flat  sheet  is  to 
preferred  to  thick  rods,  as  having  lees  "  impedance,"  and 
that  galvanised  sheet  iroo  may  bo  used  in  place  of  copper.  Hut 
all  joints  should  bo  well  soldered  in  any  cose. 

9J4.  Conductors  shmild  never  be  inmlated  from  the  building, 
but,  on  the  coutrur^-,  oa  much  of  the  surface  as  possible  shonld 
bo  connected  to  tho  conductor.  Electrometers,  Ac.,  are  often 
Kiirroundeil  with  a  cage  of  wire  connected  to  earth  or  tho 
DOgntivo  jiole  of  the  fourco,  in  order  to  prevent  them  from 
being  nflected  by  external  elootric  disturliances,  That  is 
exactly  whiit  we  nKjuiru  to  do  with  eur  buildings:  an  iron 
hoUHo  well  ccnnecttd  to  earth  would  not  only  l>o  perfectly  safe-, 
but  it^  inmates  would  scarcely  feel  any  of  the  cffucts  nsiially 
produced  i>n  llio  nervous  njatem  by  "thundery"  woathcr, 
except  so  far  as  these  are  due  to  heat.  The  ohiect  aimed  nt  in 
a  lightning  conductor  should  be  to  approach  thiit  condition  na 
nearly  aa  possible;  to  obtain  an  inclosed  area  within  a  conduct- 
ing enveloitu  provided  with  iwiuts  and  oonuoctud  to  earth. 

925.  Jt  has  often  been  asserted  on  theoretical  principloa  that 
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ft  large  expanse  of  iron  roofing  is  &  porfeot  protedioo.  The  ({^ 
pipe  inentioue<l§  912  siipjtorled  n  windoail  paKed  through  an 
iron  roof  covering  nearly  lialf  an  ncre,  carried  on  iron  lulLar^ 
and  prgvided  with  a  gowl  lightning  conductor  t«ruiuatiup;  in 
a  cnnal.  Yet  it  was  struck,  and  tho  eonls  which  fixed  the  wind- 
Biiil  to  it  wero  bnmt :  bnt  u  mont  vscclleiit  earth  was  near  tho 
foot  of  tlio  pipe  ivnd  no  furtlit-r  damago  waa  done.  ^ 

936.  Examination  uf  coudtiotora  tiliows  that  many  do  not  gifl 
troatwoTtliy  protection :  tbt-y  fail  by  imperfect  jnnctioDB  «r 
sonic  part,  or  l>j  impurfect  earth  ootitieotion.  iiome  peopla  akj 
that  even  a  had  conductor  is  better  than  none,  as  «t  all  evcoto 
it  will  protect  Iho  principal  stmctiire,  even  thcnif^h  explosin 
diaohargu  occurs  near  its  bottom.  But  this  ia  very  dotihtful : 
S  919  will  indicate  that  they  may  draw  a  discharge  which  might 
not  otherwise  occur;  S  914  will  show  also  that  there  is  no 
telling  where  tho  lateral  discharge  might  occur;  machinery 
or  engine  shafting  might  draw  it  in  any  direction  into  the 
building. 

937.  Conductors  should  andergo  periodical  tests,  and  it  would 
be  wiee  to  proTido  tbo  mcane  of  making  euch  teste  perfect.  This 
could  be  done  by  attaching  a  %f'oU-in8nlatod  copper  wire  to  tho 
upper  extremity,  connecting  its  lower  end  nlso  to  tho  oondnctor 
by  a  screw,  so  that  ordinarily  it  should  form  part  of  the 
conductor:  this  would  enable  the  perfect  continuity  of  tha 
conductor  to  ho  tested  at  any  time,  by  mc«suring  tho  ro«i*taiiO0 
of  tho  conductor  from  the  screws  to  its  upper  «nd,  rotaming 
through  tho  toat  wire. 

An  indopondcnt  "earth"  is  also  roi]itisitd  to  te«t  the  «arth 
connection :  but  as  tlio  resistance  would  bo  that  of  ihixo  two 
earths,  a  third  is  requisite,  to  make  sure  that  the  mcond  ii 
perfect,  and  also  that  it  really  is  independent,  as  tompor^j 
connections  made  to  gas  or  water  mains  might  really  bojl 
oomploto  mctatlic  circuit  to  the  lightning  conductor  ilself.       9 

Such  temporary  earths  can  !«  made  by  soaking  the  Mil  well 
with  water  and  driving  in  an  iron  cmwbar  :  tho  soil  of  a  Mtabll 
is  well  suited  for  obtaining  good  earth,  or  tho  stem  of  u  mctAl 
pump  may  bo  used.  Two  such  earths  being  provided,  thfl 
reels tance  betwocu  them  can  be  me.iGured,  niid  then  that 
between  each  of  them  and  tlie  conductor:  the  resistance  shoalii 
he  measured  twice  with  the  battery  current  reversed,  to  oom* 
jtonsato  for  any  polariiuition  current  set  up  by  ony  differcneo  ml 
tho  oftrth  plates.  Tho  actual  resistance  of  each  earth  may  tliiii 
bo  arrived  at.  The  resiistauco  of  a  good  "  earth  "  may  bo  aa  Ioti 
a«  a  quarter  olim,  and  ought  not  to  exceed  half  on  ohm.  l^t 
total  rosiittanco  of  a  lightniug  conductor  from  point  to  earUl 
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ought  to  bo  brought  to  at  most  i  ohm,  and  certainly  Khould  not 
osmed  3  ohmfl :  it  i«,  howovor,  oommon  to  UnA  n  rcwUtiinoo  of 
•vvnral  htindrod  ohma  in  conductors  Attachod  to  imiiortHnt 
pablio  buildings. 

QiS.  It  may  bo  well  to  Explain  hen  a  subject  which  is  a 
dimciiltjr  to  tnaay  minds.  Fanulay  statod  that  tho  electricity 
cotitainwl  in  a  grain  of  water  is  oquftl  to  thnt  in  a  powerful 
flash  of  lightning ;  somo  quoto  him  as  suptig  it  is  cqiiiu  to  that 
of  11 8«voro  tbundcTstorm.  Now  it  is  evident  tlint  tliu  <!ticrgy  of 
a  grnin  of  water  is  foot-lbs.  6841  -i-  9  =  760,  and  it  in  obvioiwly 
absurd  to  compnro  this  with  tJio  ]>ower  cxeiiod  by  a  fliuili  uf 
lightuiug:  it  is  only  oquiil  to  warming  t  pound  of  water  1^ 
Fahr.,  or  tlie  work  of  a  man  for  Hvo  miDutea. 

Whi^n  Faraday  mado  this  statvmeiit  he  was  beginning  tlio 
study  of  elcctrio  <iountitii;fi.  Volts,  amjH:res,  and  uhiUH  vroro 
tlicii  uudreaniiil  of;  nothing  hut  vnguu  goiit-ralitioa  had  been 
attained  to.  It  la  therefore  not  to  bo  wou<fored  nt  that  while  ho 
diMiitayed  his  wondorful  experimental  powers  in  making  com- 
paralive  meti6uri>iueiitit,  he  eouipareil  together  things  haviag 
no  relation.  It  is  rather  atiange  that  while  his  atatomeots  an 
froquoEitly  requoted,  their  true  interpretation  gbould  not  bo 
given,  Uofore  doing  so  it  may  be  well  to  bring  together  tho 
statements  of  Faraday  and  other  worki>rv  in  tho  same  oirootioa. 

919.  Faraday  found  that  to  docomposo  a  grain  of  water 
required  a  ctureDt  for  j]  minnt«e  capable  of  kocping  red  hot  a 
platinum  wire  i-i04thof  an  inch  iu  diameter.  Wo  can  express 
that  OH  a  current  of  j'lj  amperes,  or  a  quantity  of  |C4-J7 
Ooulomba.  Ho  found  that  to  effect  tho  same  dcconii>0Hition  bv 
tho  machine  required  Sootooo  charges  of  15  I^oydon  jam,  eueu 
having  1S4  Kqtiaro  inches  of  coated  gluas.  Each  of  theso 
chargue,  ])rodiieud  by  30  turns  of  a  50-inoh  plate  maohlne,  was 
capnTilo  of  tdlliiig  a  rat,  arid  was  cquivaleat,  chemically,  to  the 
action  of  a  platinum  and  itlno  wire  eaoh  one-eightc«ath  of  an 
iuoh  in  diameter,  immersed  five-eiglitha  of  an  inoh  in  weak 
acidulated  water  for  al)om  tbn*  sooonda. 

9}a  Weber  Iuli  culculuted  lliat  the  charge  due  to  1  grain 
of  water,  if  placed  on  a  ohiud  icoo  metreB(]36i  feet)  above  the 
earth,  would  exert  an  uttiuetive  force  equal  to  1497  tons,  and 
Becqnervl  arrived  at  somewhat  similar  figures.  Weber  oomparad 
the  eliarge  of  a  Leydeii  jar,  of  which  tbe  atatio  value  was 
DiiOBurvd  by  tho  torsion  olectn^meter,  with  the  battery ciirrwit 
(irudueiug  e(|ual  effect  nixm  a  galvanometer.  Ho  found  that 
i6,57j  X  10'  units  of  electricity  decomposed  t  milligramme  of 
water,  and  reckoned  that  on  a  cloud  1000  metres  high  an 
attractive  force  of  336,800  kilograuimes,  or  708  tons,  would  b« 
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axertad.  Be  also  reckoned  that,  aasuming  the  oxygen  aud 
b]rdK>g;eii  atoum  of  this  water  were  separately  ran^^  upon 
toreads  i  nnllimotre  long,  tlieu  to  efTect  the  decompoBition  the 
tliieads  would  refiuirii  to  bo  drawn  apart  with  a  forcoof  147. j8o 
kilogi-ammce  or  145  tons.  H 

931.  Now  let  na  translate  these  results  into  modem  expreaS 
Bions.  The  cun'ent  value  of  i  grain  of  water,  S  929,  ie  704  *  J7 
coulombs.  What  is  the  condenser  which  will  roplaco  Faraday's 
800.000 charges,  which  represents  i  charge  of  IJ.JJJ.JJS  square 
foot,  or  I  Loydon  jar  with  a  coated  surface  of  352  acroe,  which 
would  be  a  inod(>rat«  BiKod  thunder-cloiid,  being  mure  than  half 
a  Bqnnro  mile  ?  Tho  notual  size  of  the  condenser  would  dopvnd 
on  the  potential,  and  sttirting  with  the  unit  1  volt,  wo  iwjuiro 
a  capacity  of  704"  J7  farnds,  or  704.^70,000  luicro-fdrads,  S  425. 
Talcing  j '  5  miles  of  cable  ae  tho  puysical  uicro-farad,  wc  tind 
tliat  I  volt,  or  say  1  Duniell  cell,  would  require  3465  millicm 
miles  to  receive  the  charge,  or  enough  to  wind  1 200  times  rmind 
tliD  earth  and  moon,  or  twice  round  tho  earth's  orbit.  Or  if 
lake  the  earth's  (imaginary)  capuoity,  §424,  us  700  micro-fa ruda 
it  would  charge  to  i  toH  a  niillioa  auoli  worlds  as  ours. 

9J2.  Leaving  all  tht.10  fantaelio  uurealilies,  what  is 
common  sense  of  the  matter?  It  is  simply  a  question  of  the 
relation  of  Iho  two  quantitk-H  Q  and  Q  of  §  642,  of  Ij  and  Q'  of 
i  15,  or  of  Q  and  H  of  tho  ordinary  fonnulte;  that  is  to  say,  of 
the  two  functions  which  togtiktr  constituto  what  wo  mosD  by 
electricity,  whilo  tho  word  is  frequently  applied  (as  in  tJiu 
case)  to  cither  one  of  them  :  tlicso  two  are  Q,  quanfity.  or  tlto 
molecular  action  of  matter,  and  E,  energy,  the  potential  under 
which  tho  mcdecular  action  occurs,  the  stress  put  on  the  circuit. 
All  tlie  ideas  wo  hove  been  couHidering  depend  on  tho  imaginnry, 
but  impossible,  isolation  of  (J ;  thu  real  phenomena  dejieud  Ottj 
Q  X  £.  tho  matter  and  energy  which  together  constitute  olea 
ti  icity. 

9]}.  Now  in  tho  cnso  of  water,  E  is  a  potenlinl  of  leas  ti 
I '  5  volt,  and  what  we  have  to  tuko  into  account  iu  tlie  case 
the  grain  of  water  is  therefore  Q  x  £  X  it,  or  704  x  i  •  S 
X  *7nit  Ihis  boitig  tho-  constant  eii'ressing  the  energy  in  foot- 
lbs.,  whioh  given  un  just  tho  760  foot-lbs.  which  wo  know  is  the 
mechanical  euuivak-nt,  S  927,  of  the  grain  of  water.  Iti  the 
case  of  the  liglituing  tlaah,  thu  Q  of  tvhich  we  assume  to  be  thin 
Bamo  grain  of  water,  we  have  a  potential  unknown,  but 
which  wo  may  take  to  bo  that  arrived  at  in  3  506.     Thus  we 

704  X  5,604,000  X  •7J7J  =  1,872,000,000  foot-lba. 
This  figure  cnnbkn  us  to  understand  wliy  this  "  groin  of  wotor' 
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CAU  proiluod  Buch  tremondoiu  mcchnDicnl  efibots  when  coD- 
oetitratjng  this  energy  upon  eomo  point  of  high  reustanco  ia  an 
iiitiuitesimiil  fraction  of  i>  Hc^cond. 

9{4.  Hut  tho  current  of  such  b  Qofh  in  not «  small  one.  aa  it 
oftou  state! ;  if  wo  titko  tlio  tiiuo  of  tho  diitchnrga  as  j-ao,oooth 
of  a  feocoiifl,  704—  20,ooD  =  14  million  amponw.  Prom  this  it 
is  pretty  eleiir  thut  no  lightning  conilnctur  in  ever  calloil  upon 
to  caixysiich  »  current;  tilhcr  it  lowers  tho  potential,  producing 
a  steady  current  ntid  roduoing  tlio  actuul  llaali,  when  it  occurs, 
to  a  very  siunll  one,  moiuentarlly  raising  thu  current,  or  it  cnly 
carries  n  small  part  of  the  di^harga  wliloh  is  larguly  diHtributbu 
over  eurrouniling  b|>ii.co. 

9]5.  It  may  Iki  of  intfireet  to  ahow  that  Dr.  Lodge  has 
airived  l>y  a  different  proci-«a  itt  much  the  samo  reenltu  as  thono 
I  hnre  given.  Hu  says  that  the  totul  energy  of  an  area  of 
cloud  may  Im  etitimatcd  from  tho  fact  that  tho  olootric  tension 
of  air,  §  96,  ifl  Umitoi)  to  a  half  grummo  weight  per  wguaro 
oentimetro  when  disruption  occurs,  so  that  its  energy  as  a 
dioleotrio  is  9B)  orgs  pur  cubic  cenliiootrc  aud  por  cubic  mile  is 

4110  X  10'  ,    , . 

— —  toot  tons  =  70,000,000. 

a  X  J  X  10'  ' 

An  olootrio  quantity  of  3176  x  lO*  elcc.  stat.  unitu  por  ti|naTO 
mile  would  give  a  ountting  tension  for  a  mile  leuglh,  ami  this 
is  just  aliout  70  coulombs,  or  not  enough  to  decoinpono  |th  of 
a  grain  of  water.  Of  ooiirau  tho  wholo  slorcd  i^nei^  of  a 
cubic  mile  is  not  dischargnd  in  ono  flash,  though  tho  wbolo 
olootrio  i^UiiDtity  would  u|iorato. 
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9)€.  Throughout  fhee*  pagos  oloctric  tranGiniseion  hari 
regarilod  maiuly  a§  a  breaEing  up  and  re  form  jit  ion  of  tlia  molo- 
oulos  which  form  the  jwlarizcd  chain  or  circuit,  thU  being  tho 
action  which  wndoiibledly  does  occur  in  elwjtrolysis.  But  no 
single  conception  will  convey  the  wholo  of  any  scientific  tnitb, 
ana  it  baa  bcim  indiouttid,  especially  in  SS  609-1 1  ^""^  ^^7'  *'^"'* 
tTansmieeion  nuiy  l>e  effected  by  other  DieoDB  (euch  as  rolalion  of 
tho  molcciik'n)  dependent  iipon  the  eamo  causee,  viz.,  ji"!a^ 
attractions  of  matter,  which  in  elcclrolyeis  produce  aotm"" 
disruption. 

QJ7.  Rotation  of  Moi.ecul[b. — A  rotation  of  moleculoa  in 
vofring  u  reversal  of  their  polar  arrangemeut  will  fulfil 
the  couditioiie  required,  and  the  lulatiinti  AwtweeD  mftgnetfl  \ 
electric  currents  indicate  thut  such  a  rotation  does  occur 
solid  conduclors.  and  that  the  direction  of  what  we  call  tho 
current  depends  upon  wlietiier  tJiis  rotation  takes  pl&co  on  ao 
a3ua  inclinM  to  the  right  hand  or  to  tlie  left  of  tho  polarized 
diain  itself.  This  idea  Hc<-nis  to  he  confirmed  by  tho  researches 
of  Prof.  Uu^hcfi.  who  CndM  it  +  or  —  current  prodnood  in  a  wiro 
around  a  uia^ietised  bar  according  as  torsion  is  applied  to  thfll 
bar  in  one  or  other  direction.  ^ 

9j8.  Whenever  a  maguellc  body  and  an  electric  conductor 
are  brought  near  to  each  other,  or  moved  in  each  other's 
neighbourhood,  thej"  react  upon  each  other  if  eithor  is  undwji 
tho  influence  of  either  force,  magnetism  or  electricity.  Sii 
magnet  will  produce  a  oiimiut  in  the  conductor  if  either  i« 
moved  under  certain  conditions;  electridtyia  motiuu  oe  ciirront 
confers  magnetism  on  a  magnetic  substance.  Tho  reason  is  tbnt 
tho  two  are  really  different  manifestations  of  tho  same  furoo, 
and  duo  to  different  actions  of  molecules  in  a  stato  of  polarizaf 
tion;  Ihoelcctticaction  is  that  exerted  intholinoof  polarizatioaj 
mtignetiem  is  the  action  at  right  angles  to  tho  line  of  polaiia 
tion  ;  it  is  exerted  in  every  direction  at  rieht  angles,  and,  as 
coiise^ueuco,  magnetism  has  in  itself  no  diructivo  power ;  th 
directive  power  of  magucts  is  not  the  property  of  any  sisgli 
nsgnctio  BubisbLnce,  but  is  tho  conse<{itcuce  of  the   mutt 
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reaction  of  two  or  more  such  oijeots.  It  is  tlio  pomceBion  of 
inii;;notisni  by  tlm  uirUi,  which  titerefore  actti  as  ono  such  bodj, 
that  conftrs  u|hiii  uiuguols  their  apparent  directivo  power. 

9]  f).  Tho  Buurco  of  all  the  uulual  actious  of  luagiiets  and  cur- 
r(Mit«  iu  to  ho  fuuiid  ill  that  property  of  thA  mulccules  of  inattor 
^hich  wo  call  indueltOTt,  a  power  of  acting  cxtcnially  upon  other 
molcculos.  Within  the  i-lootrio  cirouit  iUelf  thin  XK)w<;r  Gets  np 
tho  conditio!!  of  "  puluriiatiou"  or  arrangoraeiit  of  iiioleculc«  In 
regular  Beqneiico  (+  — )  (4-  — )  (+  — );  hut  Wftiilca  this  action 
m  the  circuit,  a  Biinilar  aotion  ia  oxeited  around  the  eireuil,  which 
tends  to  place  surrunadisg  moleouUa  in  a  uaraltul  pokr  order. 
Bnt  while  tlie  6i'st  action  is  coii^steut  witn  a  traiianuDKiou  of 
energy  along  tho  circuit,  and  is  thus  of  a  dyufiiuio  chwriictcr, 
involving  a  constant  rotation  of  the  moloonlda  on  tlieir  nxct, 
tho  Booond  is  Btatie,  and  changes  only  when  there  ia  a  chango  of 
conditions. 

940.  Maijnetitm  it  a  function  of  ettergy :  it  in,  as  in  many  other 
cases,  a  force  luunifostud  hy  the  particbs  of  matter,  wIk-u  uinrgcd 
Willi  energy.  It  ia  a  queetion  whether  magnetism  is  a  force 
notiially  poaseeaed  hy  matter  itself,  or  whether  matter  pofiseasis 
only  the  laoulty  of  esotting  it.  Thv  preeent  teudeucy  is  to 
l)elieve  that  magnetism  ia  eelf-existent ;  that  it  is  not  mani* 
foatcd  ordinarily  by  matter  bocauce  its  ultimate  magnetifl 
ek-ments  aro  closed  in  pairs  aa  shown,  Fig.  £5,  p.  jig,  and 
that  tho  energy  of  magnetizing  is  employed  in  opening  theeo 
pairs  out  into  tho  order  shown,  S  610.  This  is  tho  theory 
adopted  by  Frof.  Hughes,  and  more  fully  worked  out  of  klo 
hy  Prof.  Ewing. 

941.  But  magnetism  may  be,  like  di-clectrio  capacity,  not  an 
(lOttiully  existing  foroo,  but  something  in  the  slnicturo  of  some 
forms  of  matter  which  enables  them  to  assuma  a  temporary  state, 
in  which  tlicy  miuiifi^t  cxctptioniil  force,  just  as  a  charged  di- 
electric does :  this  conception  appears  to  mo  to  best  explain  tho 
facts,  but  either  will  serve  Ihe  purposo,  If  we  oonsidor  that  the 
actual  effects  are  those  of  energy  ap]iliod  from  without. 

94i.  It  is  usual  to  spuak  of  the  muteeular  structure  of  magnets, 
and  as  though  tho  ultimale  magnets  of  Ewing's  theory  wero 
really  tho  molecules  as  defined  in  chemistry :  of  this  there  is 
no  evidence  whatever,  Iheso  ma<}nttie  Tnotecalet,  which  it  might 
buleas  confusing  to  call  "  ]Ku-tieIca,"  er  some  other  nnmo  without 
•o  special  a  moaning  its  molecule,  may  he  aggregalet  of  real  mole- 
culu,  and  magnetism  a  force  due  to  such  aggregation  :  the 
phenomena  of  tho  "  critical  point,"  tho  tcmpemture  associated 
with  evident  change  of  structiiro  and  onergj',  with  loss  of 
magnetic  power,  ana  with  "  rucalosoenco  "  evidencing  a  reltia&e 
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of  internal  onorgy,  may  well  in^icato  a  breaking  np  of  molocnlar 
aggregations,  ench  ns  occuib  with  atoms  in  uaeot  of  ullotropy, 
«  67a. 

94).  Nagnetiam  ia  0/ Ihc  tame  order  at  rhar^o;  it  is  a  etatic 
oonditiou  of  tho  niolcculoe,  §ct  up  by  energy  alworhwl  from  aa 
eieictrio  cnrront  (or  othtr  Botirce);  while  tbiB  condition  i»  being 
assuiitod  tho  process  act«  as  n  resistance ;  but  onoo  wot  tip,  it  is 
static,  rcquirvE  no  mora  cucrgj-,  and  tho  energy  will  be  rotuinc^ 
or  given  up  he  a  current,  acrording  to  tlie  conditions.  ^ 

944.  To  apprehend  tho  conwqtionces  we  Bhonltl  ivgard  tW 
elcclrio  circuit  ob  a  simple  cbiiin  of  pi.lar  molecnIuB,  which  I 
ahall  do  by  drawing  tlieni  as  cUipsen,  of  which  tho  dark  part 
will  represent  tbe  +  end,  or  the  direction  ia  which  wo  may 
conceive  tbe  supposed  electric  current  to  bo  travelling ;  tho 
while,  or  —  end,  l«ing  that  oonnooteU  to  tho  pneitive  pile  nf  tho 
battery.  Fig.  ~i  ia  a  section  of  such  a  chain,  looked  at  from 
tho  positive  pole,  that  is  to  say,  tbe  —  end  facing  the  ol)8orvor, 
with  tbe  line  of  electric  polarization  passing  through  tliu  wmlro. 
Fig.  71  ix,  it  will  bo  seen,  a  transverse  section  of  the  uiolooulo. 
Pig.  27,  p.  84.  But  it  must  1)0  understood  that  these  show  only 
tho  Htatic  t)tr«8fie8  of  uugiiilisni,  and  that  while  current  may  be 
usefully  typified  by  suchdiiigrauis,  they  cannot  «how  thomotioiia 
which  cousliluto  real  cuireut ;  they  uro  only  aids  to  the  imagi- 
nation, not  real  pictures.  In  thin  way  Fig.  73  may  typify  a 
onrrout  in  a  conductor  witli  its  ostemal  static  actions :  my 
molecular  ellipses  will  bo  seen  to  eorrosiiond  in  magnets  to  tliQ 
oponod-out  magnetic  clemonta  of  i'rof.  Lwiug'e  theory. 
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945.  If  wo  conceive  tlie  ]>alartKcd  chain  C,  of  Fig.  71, 
foviucd  into  n  oircio,  as  in  Fig.  75,  we  have  fJie  genenil  rolattuns 
of  current*  and  magnets.  Let  S  Ikj  a  aootion  of  a  bur  of  nlocl ; 
its  moloculM  nrrangi.' themselves  in  cloood  chains,?  iJJ.Fig.jo; 
and  as  stool  posseeaes  thi>  puwur  of  retaining  thia  coudition, 
booomvs  a  magnet;  the  forces  exerted  at  right  angles  to 
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dirootion  of  p«>Iarizfttion,  all  combining  and  ociitig  !n  tiio  lino 
of  tho  bar,  M  Bhown  in  tho  nppcr  bur  S  N,  Fig.  76,  nnd  kIho  in 
Figs.  74  and  75.  Tho  ditlbronoo  between  tho  two  ©xtrcnui  fiicoa 
of  tbis  Imr  iathnt,  looked  at  fri>in  tJio  osloriur,  thoIincM  of  iKiIari- 
sation  turn  U>  tlio  right  io  8  aiid  Ut  tho  loft  in  N,  as  Kocn  in  tho 
two  polar  fauM  iihown  in  Fig.  76.  Tlioro  is  no  diflbrcnoo  of 
property,  no  inhc^rvnt  dirootive  btndoiicy  in  tboeo  vtids  ;  bwt  in 
£nglan(l  wu  oull  thu  ftiwi  S  tliu  suutli  [wlo  iff  iho  magiiut  boaiURo 
It  ranges  itdolf  in  tlie  earlli's  inagnutio  fii;ld,  facing  U>  tbu  Huuth 
polo  of  tbi>  oarlU.  In  Franr'o  tliuy  call  it  tliu  N.,  or  Biiruitl  jiolu, 
uucaano  llio  uurtli  pule  of  tbo  curtb  lins,  in  fai!t,  tho  oliurautura 
of  what  wo  call  the  8  pole  of  a  bar  magnet,  S  S6^. 

Fn.7a. 
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94C.  Bnt  aotiun  LuImui  pluoc  o^ctoniall^,  aa  wvU  as  wilJiin  tho 
ring.  If  IC,  Fig.  7),  ia regarded  asariugofwiru,itamolecul08, 
of  DocoMity,  swing  lulo  the  polar  ordor,  and  in  doing  so  a  mo- 
mcntoiy  carrent  is  gcu&rated  io  thin  '*  aeoondar;  "  wiro ;  bnt  only 
one  ware  of  actiou  ia  prodooed,  no  currant  oontinnes  to  flow  in 
I C  As  soon  as  the  primary  current  oeaaea,  all  tho  molcciilcB 
Ksitmo  thoir  normal  poaitjon,  and  in  the  act  of  doing  so  a 
current  is  again  set  up  in  10,  but  In  the  opposite  diroction  to 
the  fir&t. 

947-  If  B  is  iron,  instead  of  Htnel,1t  loaes  its  magnetism, and  tlto 
energy  it  has  stored  up  ia  euiployo<l  in  inoieasing  the  energy  of 
the  current  in  1 0,  and  alao  in  produoing  an  orfra  curreut  in  0 
itself,  continued  after  tho  battery  ia  out  off.  A  part  of  th!a 
energy  also  sets  up  circular  currents  within  the  uelal  of  B ; 
these,  whiob  are  coUcd  Pouoault  currenta  from  their  disooverer, 
•le  wMtod  io  heating  the  iron,  and  arc  partJy  the  cause  of  what 
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Is  novr  called  "  byBtorceis,"  S  97a.    It  in  to  nroid  this  that  cores 
aro  mado  of  Imndlea  of  wires  or  sheets. 

946,  If  S,  instead  of  htiing  a  bar  of  iron  or  a  bundle  of  iron 
wires,  is  mado  of  an  insulated  iron  wiro  woimd  np  in-  a  helix 
similar  to  the  other  wires,  it  will  still  act  aa  a  mac^et,  though 
lees  forcibly,  owing  to  the  breaks  in  tho  langitudinal  or  mafine' 
lines,  but  tho  extra  current  will  then  bo  formed  within  ilaelfai 
the  nire  will  giro  olf  spurke.  This  fact,  which  I  disooV' 
many  years  ago  and  iucluded  long  after  in  ft  patent,  has  uaoa 
yet  not  developed. 

949.  Tho  current  in  tho  Foeondary  wire  is  in  the  rave; 
direction  to  that  of  C  iteolf  when  contact  is  made :  at  breakin 
oirauit  tho  induced  current  is  in  the  same  direction  ns  that  of 
As  tbeso  cunentiS  are  each  tbo  result  of  single  and  e^nal  swings 
of  tho  molecules,  their  "  qtiiintity  "  is  tho  same,  for  quantity  itt 
simply  a  function  of  the  molcciilitr  actions.    But  the  KHF  cfl 
the  breaking  current  is  much  tho  groatoBt.      Tho  reason  ^M 
obvious:  in  the  first,  energy  is  being  t«ken  up  rather  in  tho 
core  8  than  in  tlic  wiro  I  C :  in  the  last,  that  energy  is  given  up_ 
to  I  C  and  iiilded  to  its  own  charge.  fl 

950.  The  direHion  of  theeie  and  all  actions  among  currontfi  aoV 
magnets,  indactd  by  motion  (whi<ih  inclmli-s  tho  setting  up  ot 
ccesatiiin  of  a,  current,  these  being  eijuivDlont  to  a  motion  of 
approach  or  >vitlidrawttl},  is  governed  by  a  law  formuintod  by 
LeUK.  Tho  dirtclion  of  Ihe  cnrreyil  »el  vp  by  ang  motion  iriH  be  gwh 
a»  icilt  reaitt  that  taotion^and  vice  verm.  Now  currents  haviu); 
the  (Miinii  direction  n((rac(  each  other:  therefore  a  current  in  the 
ojtj>v»itG  direction,  which  reptU,  is  set  up,  Tlio  onler  of  tha 
ptilitri nation  in  magnets  (Fig.  71)  ucts  as  woidd  tlie  corre- 
sponding current,  represented  by  C.  Wo  may  see  in  this  some 
uniilugy  to  the  action  of  two  wheels  in  contact ;  when  ono  ia 
rotated  in  one  direction,  it  sets  up,  in  the  uther,  a  motiou  in  the 
opposite  diioetion.  Thus  the  omrent  at  "  bivok  "  is  in  tho  1 
diroctiuu  aa  the  primary  currt-nt,  ua  this  resists  the  dcinagnot 
zaiion  or  withdrawal  of  the  magnutie  energj-,  or  mugnet. 

951.  In  consojjuonco  of  these  relations,  a  wire  wnund  ronndl  _ 
bar  of  iron  magnetizes  it  in  a  direction  determined  by  tho 
direotloQ  in  which  the  wire  is  wound.  On  tho  <ither  hand,  if 
the  bar  be  magnetized  by  any  external  means,  an  by  bringing 
another  magnet  in  contact  or  neighbourhood,  a  current  will  bo 
induced  in  the  wire,  and  tho  direction  will  depend  upon  tliat  of 
Iho  magnetism  set  up.  and  also  uiion  tho  diTootion  in  wliioh  ' ' 
wire  is  wound.  Uolicea  aro  called  dextrortal  or  ri'jUh^na 
when,  looking  at  them  from  the  end  at  which  tlio  ounvnt  oiitc__, 
or  at  which  the  coiling  of  the  wire  oummonoM,  the  wiro  turns 
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from  loft  to  riglit  over  the  ooro  H  the  hands  of  a  watch.    Fig. 

74  is  a  liglit-liwndeil  helix,  sniJ,  iw  it  bHowb,  audi  helices  gira 
Boiitli  iitiliiritv  to  tho  end  at  which  tliu  currt-'nt  ent«ra.  In 
^niglrtrrral  cTleft  handed  hclioM  tho  wire,  umlisr  Uko  conditions, 
tuniB  froni  right  to  Ivft  over  tho  ooro,  n«  ia  fig.  75,  and  gives 
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North  pokrity  to  tho  end  at  which  (ho  current  «nteni.  A  right- 
liandod  holix  buooiues  left-banded  if  looked  at  from  tho  other 
end;  thoroforo  whew  tho  wire  of  a  right-handed  helix  rL'tums 
over  it«olf,  by  coutinuinB  to  wind  in  tho  same  dirculion,  tho 
uppiT  Inyor  becomes  a  left-handed  helix ;  hut  as  the  direclioii  of 
tho  cuiTont  leversos  as  regards  the  core,  tho  mutual  roiiotion  of 
wiro  and  euro  is  the  same  in  all  parts. 

QJl.  Fig.  76  ctirries  thceo  rotations  a  stage  farther.  Tho 
Gonauotor  is  shown  as  a  lino  of  molecules  upon  tho  arrow  which 
murks  tho  direction  of  tho  onrrcnt ;  fourmiigneticbars  smround 
it,  and  the  moloculur  nrrungemi-nl  of  thcso  ehoviB  why  they 
placo  thcniaelvc-s  as  they  iln  (iusiuming  Iho  earth's  inflitcnco  to 
be  neutralizeil) '  the  eiids  of  tho  two  sido  inagnetin  correspond 
with  those  in  Figs.  74  and  7^  ua  tho  utlier  two  mugnotn  do  with 
tho  bars  in  those  figures.  The  magnets  arrange  thcmsclvee  as 
though  the  lines  of  polarisation  wi-ro  ciincnts  pumllel  with  the 
cnrrcnt  itself,  and  as  the  corresponding  helices  would  if  currents 
were  traversing  them. 

95  J.  We  have  now  to  consider  how  tie  maenctn  react.  A 
magnet  is  not  merely  a  bar  of  metal ;  it  is  linKod  to  tho  sur- 
rounding matter  in  wliieh  aro  compUtod  the  lines  of  ntagnetio 
force,  and  which  oonatitutes  what  is  citlled  a  nagntiie  fittd, 
which  field  is  an  integral  part  of  tho  magnet,  whether  formed 
in  EUTlonnding  matter,  or  concentrated  in  a  moss  of  iron  GOn> 
Docting  ita  polea.     ^^  hcu  a,  magnetic  substanco  U  near,  it  draws 


i 


4C0 


ELBCTRO-MAOSSTISliI. 


tbeso  linos  towanlit  iUv\T,  nud  hy  entoring  thtaa  beootBOB  VUtg- 
netizod,  but  in  urdinary  ooiKlitioiiB  wu  may  rtig&rd  tha  lines  of 
forcu  HS  ondoBiiig  aa  (Alii)itic  space  ruiind  tha  magnet,  as  aliown 
FiR.  ji,  p.  S9,  and  eiplaitiM  S§  'J7-8. 

Fig.  77  gives  tho  iilua  moro  <«mpletely.  It  ahows  that  tho 
linos  of  force  of  tiia  lit<ld,  oncl^siiig  iJia  ellipso,  may  !«  looked  «t 
from  a  twofold  aspocit.  They  nre  ouiimionly  treated  aa  sot  tip 
by  tbo  poles  of  tho  niagiiet,  uml  as  coniideting  the  circuit*  of 
mnf/ntliV  polarity ;  for  mauy  purposes  it  is  desirable  lo  so  nq^ard 
thorn,  and  thU  view  is  presuntud  by  the  oUiptio  lines,  whiuh 

Fio.  70. 


oorronpgnd  to  Uiearrowaof  Fig.  ti.  But  we  may  with  oqi 
truth  ooueider  the  polarii^  oondittou  as  set  up  by  the  circular 
polariiatiou  of  the  magnet  furuiing  tlie  vertical  circlo0|  and  so 
regard  tlie  elliptic  or  magnetic  lines  as  sot  up  indirectly  by  tho 
action  at  right  angles  of  those  circles ;  both  actions  no  d<m^ 
unite  aa  real  causes  of  the  magnetic  field.  1 

ri34.  Wo  shall  thoa  understand  why  tho  inductive  power  of  s 
magnet  is  so  much  greater  at  its  middle,  while  its  affradi're  power 
is  so  much  greater  at  its  ends.  The  al  traction  is  a  function  ot  tho 
coneral  law  that  parallel  currents  attract  each  other ;  thoru  it 
IB  fact,  in  all  spiral  conductors  &  tendency  to  dose  up,  booan*- 
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uf  tKiK  ntttnction  Ixttwocn  ntl  tho  purtiul  Curruiit*.  Nuwifwe 
conooive  nnotlicr  figiiro  likn  Fig.  77  bmuelit  near  it  cndwisp,  it 
iH  evident  that  to  mnlcu  the  lintis  of  poliknzulion  alike,  tho  iiorlh 
end  of  0110  iiiuet  bo  prescnteil  to  the  nontb  end  uf  tho  other,  imd 
Uiat  then  not  only  Jo  tho  cirolos  of  thu  biiru  agree,  whilo  aU  tho 
circles  of  each  mn^iot,  internal  and  exttiriinl,  attract  ench  other, 
but  the  proiectiug  lines  uf  force  of  oscb  inagiiot  biicome  incor- 
porated with  thoeo  of  the  othor,  and  tho  nwult  io  a  new  elliptic 
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field,  aa  ahown  Fig.  ;i,  p.  90.  TTence,  natnnJIy,  long  magnets 
have  tbo  gi'oatcet  attraetire  power,  for  they  may  bo  regardc-d  as 
many  nmoill  ones,  combining  tboir  tubgnt-tio  func,  just  as  the 
union  of  batteries  in  series  tiumbines  their  EMF's.  But  aa  tu 
iiidui;tiou,  tho  external  circlvs  aio  affected  by  those  of  the  bar 
nifiru  jioworrully  at  tho  miilille  than  tlioso  at  the  ends  can  be  ly 
UiO  whole  length  of  tho  luugnot,  aa  this  influence  oboys  tho  law 
of  the  tiqitnrcs  of  the  diatanco ;  therefore,  spofiking  ronghly  for 
illuslration  aukc,  if  wo  cousidur  tbo  inductive  action  of  each 
circle  of  tho  bar  tu  bo  cijiial,  and  call  it  10.  a  circle  at  tho  middle 
will  ha»e  a  forte  of  20  exoited  iiiwn  it  by  tbo  two  end  circb*, 
but  a  circle  at  tho  ono  «nd  will  bo  acted  npon  by  tbo  middle, 
10,  and  tho  other  end,  whose  dintanco  is  doubled,  will  givo  only 
lo-r-a'or  1-5,  a  total  of  1 3*5  Upon  an  cud  circle  againat  3o  00 
tha  middlo  drolo. 

9;5.  All  who  wish  to  anderstatid  magnetic  principles  shonld 
esporiment  on  tlio  "field"  for  tbomselves  ana  not  rely  npoB 
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figurca  given  in  books.  Motint  a  ehcot  of  gloM  npOD  foct,  M 
mrignots  and  apparatus  cm  bo  placed  bolow  it  vrnila  iron  filinn 
aro  sprioklod  lightly  from  a  popper-castor  npon  tho  gl.ies,  whi«l 
slioulJ  b©  vibrated  by  tapping  eontly:  it  is  best  to  mako  tha 
filings  from  a  soft  iron  barwitli  a  rather  oonrso  fil<\  n«  they 
ought  to  bo  of  good  iron,  not  wilh  east  iron  or  steel  mixed.  U 
tbo  class  is  coated  with  n  film  of  paraffin  wax,  the  lines  can  be 
fixctlby  wanning  tho  glass. 

956.  It  should  bo  remembered  that  tho cnrveeof  filings  do  not 
represent  tho  tines  of  force  really  esistiog  in  spaeo,  l)ccnii»o  tho 
presence  of  iron  concentrates  tho  field ;  the  filings  becoming  an 
armature  to  the  magnet.  Tho  real  lines  in  space  may  be  trac«d 
out  by  o  very  short  magnet  ncodlo  freely  euapendcd :  this  plaoCH 
itself  on  tho  lines  existing  at  any  spot,  or  more  corrcotly,  tua- 
gentially  to  them,  as  they  are  curves. 

957.  Beeiiles  the  concrete  conceptions  whioh  fix  idcoR  it  it 
necessary  to  use  the  abstractions  which  tho  math u mat leianit  liavo 
defined,  in  order  to  untterstand  what  knowledge  Los  been  gained, 
and  the  accepted  symbuls  connected  with  the  COS  system,  {a 
order  to  apply  that  knowledge  to  practioAl  purposes,  and  ft  eon- 
ciau  dcsoriptiun  will  bo  a  useful  introduction  to  the  applicationa 
of  eleetro-maguetisiu.  The  most  important  symbols  to  he  used 
aro: — 

H     Intensity  of  magncti/itig  force.  The  uomber  of"  lined 

pur  square  centimetre  in  air.  S 

B     Internal  magQotlsra:  magnet  1  a  induction  :  pcrmeatioo; 

number  of  "  lines  "  pur  square  ceutimeliQ  wit' ' 

magnet. 

p     Pormeability :  inagnotio  oapacity. 

f\      Beluctance,  i-cciprocal  of  pi^rnieauco. 

|ij      Total   number  of  lines,  magnetio  flux,   analogue 

current. 
I      Intensity  of  magneti^n:  number  of  lines  per  aqu 
cunti metro,  moment  per  cubic  centimetre 
C  M  Ampure  turnn. 
A      Area  of  section. 

4  T  ratio  of  eurrueu  of  a  tplinv  to  UiO  diametST, 
9^8.  There  is  a  tendency  to  OOmpote  maguctfnn  wUh  eloe- 
trioity,  and  to  set  up  ideaa  and  formnln  iu  magnetism  similar 
to  UioBo  of  Ohm.  For  some  reasons  this  has  a  practioal  advautairo 
unitcl  to  0.  must  sorious  diKadvanTagc ;  that  is,  some  use  may  be 
mode  of  the  idea  in  dusigiiiug  dynamos,  &c.,  hut  the  idoa  itself 
is  fnlno  and  therefore  sure  to  mislead.  I'hcre  is  nolMng  im 
magnetirtn  analoi/otu  to  the  i^urrfnf  r'n  eleclncitj/.  People  ftsBdrt 
that  th«ro  is,  but  ignoro  this  fundamental  distinction,  magnttitm 


9«j0 


MAONETIC  REFWITIONB, 


e^rpcniU  no  energy  aiul  currtnl  dtiei,  Energy  is  cxpcndoil  in  pro- 
dticiug  inAgnetiem,  and  in  doiitg  work  hy  it,  but  not  in  maia- 
tainiiig  thu  magiietiu  sUite :  tbo  proof  is  that  tlm  roeiBt&nco  of 
on  electro- iiiftgnut  wi:o  is  the  etinte  (after  tJio  firnt  prodnction) 
whollier  iho  in.in  lie  in  tlie  core  or  not ;  tlio  energy  is  wholly 
om]ili>yeil  in  luikintuiniiig  earrenl,  nono  in  EUstfuning  tho 
magnetism. 

959-  There  is,  linwover,  a  truo  electric  nnalogue,  in  tho  charge 
of  a  wmduimtr :  di-cloctriociipticity  (pcrmittanco  Mr.  O.  lloavi- 
aiilo  calls  it,J  and  magnotio  enpficity  or  ponaoability  are  truly 
conipar<il>le,  whilu  conductivity  is  of  an  entirely  diiTcront  order. 
Magnetism,  like  ch.trge,  in  a  ((reus  which  stores  energy,  current 
is  a  Jlax  which  expundu  energy  continuously.  Htill  a  truo 
magnetic,  eireuil  exists,  hocauau  mngnotisin  consists  in  closed  linoB 
uf  btrcBs,  as  dues  the  inductive  circuit. 

960.  Magnetuing  farce  y\  is  tlicieforo  frequently  callod  maf^«(o- 
molieo  fiirix  und  in  the  0  G  3  system  it  is  40  ir  x  C  n=  12;  'CC 
Riultiplipd  hy  current  turns  for  one  square  centimetre.  It  is 
tlio  power  of  producing  n  lines  in  air;  in  tho  ordinary  units, 
area  and  length  being  in  contimetrva,  it  is  for  rings, 
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961.  Iniemal  ma/ptet!*ni  B,  is  tlio  mimbor  of  lines  por  sq^nuo 
contiraolre  ncction  (pf  tho  magnets  m  B  =  ^  X  H  :  its  maximnni 
is  nt  tho  middle  section  where  all  the  lines  may  l<e  considered  to 
originate  in  each  direction.  (See  leukagc.)  Mr.  Kapp  introduced 
a  compound  unit  of  numlxtr  of  CQS  liue«  per  sc]imre  inch; 
some  of  tho  <lata  may  ho  given  in  this  compound  but  it  is  not 
osed  in  the  formulm  to  avoid  confusion.  B  =  dir  |  +  H  (or  — 
H)  and  all  itsHu**  pass  out  of  the  magnet  into  tno  curves  of  tho 

96a.  Permeahititi/  ft  is  based  on  tho  magnetic  capacity  of  air 
=  1 :  that  of  all  ordinary  para-magnctic  substances  except  tho 
magnutio  metals  is  also  closely  t,  while  that  of  dia-magnetio 
Bul^tanooH  is  —  i,  but  only  slightly  so;  ^  =  B  -H  H  and  is 
measured  by  the  number  of  linos  wbioh  nnit  H  produces  in  a 
squaiu  contiinetre  section  of  the  suhBtauoo.    (See  satunttion.) 

96J.  Penaeattca  should  correspond  to  conduclance  and  so 
roprcHont  the  total  lines  of  a  sii'stem,  as  permeability  docs  those 
of  unit  area :  but  Ibe  word  is  used  somewhat  iudcliaitely.  The 
presence  uf  iron  near  a  ma;;net,  or  in  its  highest  form,  tho  nUdng 
tho  armiktum  on  a  borsoshoe  eleotro-magnot  inoreasae  tlie  per- 
meance of  the  circuit,  the  number  of  lines  B  in  tho  irou,  though 
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it  Aw*  not  lifttxi  the  pemuahiUts  of  tho  inm ;  it  18  eqnivalenl 
roduciing  ihu  ri-nititauco  Jti  etuctcioity. 

964.  JTuinber  (/  linct  N  ruprcwints  tho  total  magnctUa 
roprotMiitt^l  by  till}  liiitut,  a^  6  rcprcactils  tho  linea  per  nni' 
area,  and  oorrbsponde  in  tho  magnotio  oirouit  to  carroiit  ti 
Ohta's  furmulai. 

Magnetic  flux  ^  Magneto  motivo  foroo  ^  j^  ^  H         I 
TDUd^ineo  Boluotanoe  =  R*       f 

965.  lieluttanea  is  Mr.  0.  Heavkide's  name,  now  proti; 
gonorally  need  for  the  tinnlogiie  or  electric  reaiatanco,  aud  lik« 
that  it  is  a  mere  invention,  tlio  ru(;ipr<>C!tl  of  permeanai.  It  ia 
even  lews  a  ruiil  thing  thnn  tli«  nrliticial  electric  n*iBtanoo,  for 
that  in  reiiUy  nii'UBiired  und  wnnUid  (tliotighonly  aacoodactors), 
and  liy  it  we  ruoogtiizo  th«  raility,  tho  conductance :  bnt  in 
raagnotiam  it  is  tho  puniieiiliility  tjone  that  we  meaanre,  and 
then  mauufacturo  ita  reciiiriioal  into  a  function  which  hsia  do 
real  existence,  merely  to  got  something  like  Ohm 'a  fonnnU 
in  magnetic  oalculutiunR.  Many  peoplo  cvon  call  it  ningnotio 
reti«lan(e.     I  have  used  R  as  ita  aymbol. 

966.  Tito  idea  of  reaistanoo  18  uaornl,  however,  in  considoriDg 
the  oflfcet  of  dislauce,  or  air  spaoe :  thiis  a  mere  cut  aoronii  a  bar 
of  iron  liowover  tmly  faced,  aa  in  the  junctions  of  tlio  Ic«b  and 
fokcH  of  eiectro-magnota.  intioducoK  a  rentlanw  t-quivalwit  to 
inoreuKed  length  of  iron :  but  thii  i<  a  true  riMdiittiiro,  euid 
unlike  the  nrtifieial  electric  II,  it  varie*  with  tlio  tnteuaity  of 
niuguettHiii,  is  Important  with  low  forcoti,  and  hooomu  lutug- 
niGoont  in  very  ntrong  magnobi. 

967.  Intentiit/  o/maffneti»m  \ ,  ia  tho  Diimlier  of  lines  per  sqoaro 
CGntimett«  at  any  eection  of  the  magnet  or  field,  it  oonespouda 
to  "  dtTiinty  of  ciirrenL"  Unit  I  in  tliurufore  related  to  the  con- 
ventional "  line  "  ix»  if  it  oocn]>iud  i  it<|uarc  oouUmetiie,  and  ia 
also  tho  unit  "  moment  per  uubic  centimetre." 

963.  A  line  0/  forte  la  a  puro  convonlion  ueoeBaary  to  gire 
deGniteucHH  in  euleiilation  to  our  ooiioejitioua,  W«  see  the  linea 
or  curvcH  iiroduced  by  iron  filtngH,  aud  lliey  ehow  ua  a  condition 
which  really  exial  in  apace,  lint  those  lines  are  not  tho  Umm  of 
the  formnlte,  uur  do  tliu  lines  thei!if>elvcti  exist  in  apnoo:  th^ 
ar«  produood  by  tho  filiuga,  and  vary  with  their  Gaoncaa. 
But  in  tiuib  tho  whole  space  is  filled  with  tho  powsr  irhidi 
llio  linea  exhibit  to  us.  Therefore  somo  prefer  to  «poak  of 
"tuboB  of  force  "rather  than  lines,  Tho  action  botwewi  two 
unit  poloa,  S  150,  t  centimetre  apart,  reprceenta  tho  unit  lino. 

969.  Satnraiion  ia  the  complete  eatislying  of  the  magnotio 
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oapoclt)' :  if  wo  ndopt  Ewing's  theory  thnt  inngnotirjiticu  Ih  the 
rangios  in  polnr  onlvr  of  nlrciiily  oxisting  nuignctic  |iurtio1es, 
eatniation  18  tho  point  ut  wliiob  all  tlic  piirticloa  oru  ruiietsl  iu 
order  and  no  addod  fciroo  can  iticrcase  thoir  number.  If  wo 
CODcctivo  mngncte  as  c<imp<>ai.<4l  (if  moleouluB  (>r  groiijiii,  S  943| 
npon  which  u  speciul  c;ondttion  ts  iinluood  for  tho  time  W 
aMorhod  energy,  tlicii  Hatiiratiuu  ia  tiia  point  at  which  thiit 
process  is  oomplctod. 

970.  Whichever  may  1«  th«  modo,  the  prooow  is  gradual  and 
dc]iendent  upon  tlio  Kpeoifin  pnipbrtias  of  the  aubslanoi'.  and 
possibly  is  never  fully  coiiiplclL'd ;  what  wo  roally  deal  witli  is 
tho  limit  at  which,  for  any  itulHttjiuoe.  the  incroaao  of  m^igDotiitin 
by  added  power  iN  so  Hmall  an  uot  to  be  worth  efleotiug  :  tbla  iti 
the  praotioal  liuiit  of  periui^atiiUty.  In  Rood  soft  irou  B  uuty 
rieo  to  ao.ooo  jwr  square  centimetre, and  in  east  iron  to  ij.ooo, 
Half  tlioso  figures,  or  say  6],ooo  pur  square  inch  for  wrought 
iron  and  )j,ooo  for  oast,  i»  a  good  practical  range. 

Fig.  T8. 
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Miti*  mrlal,  which  IH  wrought  iron  oontaining  alniniiiium, 
which  rcndcnt  it  fqiiiblu,  lies  octwoen  cast  and  wrought  iron, 
whilo  Btccl  Mintaining  muuganoKc  is  completely  Don-inagnetia 

971,  Onree  0/ magneliiation ;  the  facts  arc  boat  shown  iu  curves, 
of  which  Fig  7S  shows  several :  1  is  that  of  %-crypiirc  soft  iron  ; 
2,  cast  iron  ;  j,  Biift  stoel ;  4,  very  hiinl  Btccl.  iTio  dotted  Uue 
shows  what  would  be  tbo  line  if  B  grow  cqimllv'  with  H. 

971.  Ilynlerema. — This  is  tho  iiamo  given  to  tno  energy  lost  in 
magnctixing  and  dcmagiiL-tiKing.  It  in  strictly  duo  to  re^idnal 
ningnutisiii  (Greek,  to  lag  liehiud),  tlio  tvtidency  of  the  particles 
not  to  return  to  the  iiun-m^ignutio  stale.  If  a  ecoond  curve  bo 
formed  as  in  Fig.  78  by  gradually  lowering  tho  mngnotiiing 
forc<s  it  will  bo  lower  thuu  tlio  riamg  curve,  and  the  spooa 
IwlwL-on  them  measures  the  retained  energy.  This  is  a  mort 
important  matter  iu  oounoction  with  altomating  current  a^oojir 
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ratofi,  tranMformors,  &o.,  bm  it  ta  roliiUxl  to  tim  "  frcqaeno; '  of 
the  oiuui^Mt.  and  i«  higbur  in  prvporlion  with  incrcaso  of  nag- 
netum.     The  wasteil  t-uergy  anpcAn  nit  hciit  in  tho  iroD. 

97}.  Foaraiitl  cummU,  (-nlleil  nlsu  eddg  cnrronto,  also  best  tho 
iron,  and  nv«  often  cimfuoed  with  hj-vtvnMiiit.  They  c«a  bo 
comtctcd  by  diviiling  tliii  nietul  eu  iis  U>  [irovunt  olcctric OOrreiLt 
forming:  but  hystorcsist  du^iuiolH  ou  tlm quality  of  tbo metal, and 
nleu  iiii;reus<?H  with  length  imd  till  tho  cooditions  which  lead  to 
retain  mngiictiifiu 

974.  VtKofHy  is  the  iiniiie  giren  hy  Profeiwor  Ewing  to  the 
theoretical  cuuao  of  hystviesifi  unnifevtod  by  a  slow  growth  of 
uagnctijini,  with  a  Eteitdy  current ;  it  is  k  familiar  fact  that  to 
start  a  motion  takes  aioie  energy  than  to  miuutaiu  it;  hoT«  it 
is  siippoHcd  that  the  purticlos  cling  togvthor;  inortia  may  be 
§afiiciont  without  tho  added  ooucoptton  of  cling,  it  cao^ca  the 
flatncsSof  the  curve  of  B  with  email  H  force;  vibration,  each 
06  lightly  tapping,  facilitates  magnetizing  and  dunu^otiziDg 
by  (liBturbing  the  ding,  or  inertia.. 

97J,  Lai)  is  u  name  piven  to  many  forme  of  the  oSectS  of 
inertia,  or  retardation  :  it  is  the  phyiiiuil  or  molocnlor  piooeM 
which  i»  tile  CBiuo  of  hyeterceie.  It  ifi  evident  that  an  elfect  M 
must  always /«>//0ui  a/tcr  its  canao,  even  thongh  the  int«rval  I 
may  bo  inappreciable;  thus  current  must  follow  BMP,  and 
where  thixm  latter  »ro  variable  and  chn  be  drawn  as  curvee,  the 
crest  of  the  curve  of  E  M  F  mimt  always  itrcoede  that  of  (X  So 
the  miigiietiKm  in  n  miiviu;;  arniuturo  follows  after  tho  curve  of 
H  or  force  in  tho  lield.  ThiH  also  ixpntrols  tho  postiOD  of  Iha 
brushes  in  tlj-namo  maobiucs  or  motont. 

976,  Phiuc  in  a  torm  given  to  tho  n-sult  of  this  "  lag,"  whioh 
may  be  controlled  to  produce  desired  elfccle:  thus,  if  an 
induced  field,  as  u>  armature  or  a  current,  as  shown  in  a  corro, 
followH  that  of  the  inducer,  their  "  pha«i.«  "  are  said  to  differ,  say 
by  90'  when  the  "  lag  "  ia  that  of  a  quarter  of  the  tntcrvatl.  ft 
is  t^  use  of  this  that  the  problem  of  alternating  current  mutor*^ 
is  being  attacketl.  I 

977.  Leakage  in  magnetism  iiuiuns  the  passage  of  liuoe  oI«c-  ' 
whore  than  in  thti  UM-fuI  field  :  tJius  in  Fig.  z-^,  p.  83,  all  ibu 
linos  of  lilingtt  betwoen  N  and  S  are  leakage  lines  because  the 
tbeoivtical  magiiut  ought  to  exert  all  its  foice  from  ita  iiolu* : 
therofore  the  Kinallor  the  air  space  of  tlie  Iruo  or  useful  field  the 
loss  tho  waste  in  leakage.  In  a  horscshoo  ma-;net,  the  perftsct 
form  is  a  circle  witli  field  nnoou  cut  oat  of  it  and  ita  snrfaos 
Hirod  oaf,  as  in  the  1iona«  of  a  dynamo,  to  enclose  the  working 
field,  or  armalnre :  llie  iti.-iiiur  tho  armaare  kept  togetber  length- 
wia»,  the  greater  the  leakage. 
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978.  Magnetiua  U  the  same  thing  in  pennanontaud  in  cloctro- 
magnotA,  and  tliu  game  lawti  apply;  but  there  am  ililTeruDoiM 
which  must  nut  l>e  overlooked :  in  a  eteel  magnet  the  iutemnl 
forcosor  liix'ttara  a  fixed  amoDnt ;  altering  tUe  circuit,  as  hy 
noona  of  an  armature,  chati|{fl8  tho  distributiou  hut  :iot  tho 
T&lao  of  B.  But  in  on  electro- magnet  the  foroe,  the  value  of 
B  itself,  varies  hy  clioiigoi*  of  tho  iron  circnit,  j  963  ;  thus  tho 
holding  power  of  au  eluctro -magnet  would  he  mnoh  greater  Uian 
that  of  a  uteel  oncoftliL-fiume  shape  and  weight  of  iron,  although 
they  might  ho  bo  arranged  aa  to  have  equal  action  at  a  amall 
distance. 

979.  These  two  fuuctiuita,  holding  and  drawing  (oolled  trootivo 
and  attractive  furc«s),  are  quite  die tinot,  and  depend  on  diQeront 
ornuigoment.  Short  magnets  may  give  holding  power,  hut 
length  of  iron  ia  reqiiirt-d  to  drive  tho  lines  to  a  distance,  and 
§  141  explains  the  uBL'otti  of  polar  distance.  Joule  coatrasts  a 
•teel  nnd  electro- magnet. 

Stocl  one  attraolod  2}  grnine,  lifted  60  otiuccs. 
Eloctro  ono     „        5''     ..  »     9*      i> 

For  holding  power  tho  polar  niirfaco  is  tho  essential  considera- 
tion, or  in  other  words  the  cross  section  of  the  iron.  Joulomado 
electro-magnets  carrying  175  lb.  per  square  inch,  and  Shelford 
BidwoU  has  gone  as  far  as  ajj  lb.,  but  it  is  bad  economy  to 
go  beyond  i$o  lb.  for  wrought  iron,  or  28  lb.  for  cast  iron.  Thia 
function  is  tho  starting  point  in  dmigning  magnets,  as  the  other 
qucatioiiB  are,  how  to  produce  thU  limiting  oQ'cct? 

9S0.  ELiCcTiio-MAoNirrs. — ThoHu  lunst  bo  considerod  as  ooq- 
Eistiug  of  distinct  elements  or  part«,  each  having  ils  own 
particular  functions  or  laws  to  ho  examined  apart  from  tho 
others,  while  tho  enm  of  tho  cffecti  is  duo  to  tho  combination 
of  these  for  tho  utmost  mutual  action.  Thwo  coostituonts  are 
(1)  the  iron  ;  (a)  tho  wire  ;  (j)  tho  current. 

The  iron  portion  in  divisible  into  (i)  the  core,  the  part  upon 
which  tho  wire  w  wound,  which  in  a  straight  bar  is  tho  wholo 
of  what  is  usually  called  the  "  magnet ";  in  a  hors^oc,  this 
is  divided  into  two  purls  cvilled  the  aj-m*  of  tho  magnet;  (2)  tlio 
6«w  or  piece  otinnecting  the  twi>  anns,  u^nnlly  called  the  i/oke  ; 
(l)  tho  nrmatiirr-,  which  is  truly  a  part  of  tho  magnot,  though  not 
uHUitlly  considered  ns  such  :  it  is  tlie  agent  in,  and  by  which  tho 
mil gnotic  force  ia  mnuifoaled;  thus  tlio  moving  part  of  a  dynamo 
IK  called  its  armature,  beoan»o  it  is  arrringod  to  utilizo  the  linei 
of  tho  liold  betweoD  the  polos  of  the  licld-prodiicing  mngneta. 

981.  A  straight  core  equally  coverod  with  wire  throughout 
its  length  ia  equally  magnctiecd  throughout,  oscopt  for  leo^agt}  \ 
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itH  two  escU  will  be  eqn&l  polce,  and  would  lift  tho  ttitae  woiglifc 
Btit  if  tlio  wire  is  con  contra  tod  at  ono  ond,  tlw  core  in  no  longoT 
equally  maj^iiotizod  ;  its  noutral  point  will  Iw  brouglit  ucarar  tc 
Ibo  wired  end  instead  of  at  tho  middle :  a  strong  pole  and  dvatc 
field  will  bo  produced  at  one  end,  and  n  wenker  [lolo  ttni]  mow 
diffused  field  at  tbc  other  end :  tho  two  ends  will  no  loii{;or  iioU 
the  same  woight,  because  tho  saiuo  nwiniipr  of  linen  of  furuo  wU] 
no  longer  enter  the  niase  of  imn  to  l>o  nttrac:tecL 

Tho  wire  is  beet   distriliul«d  ovor  tho  wholo   coro   who« 
steady  field  is  ronuired :  but  where  quick  chaiigos  arc  de 
tie  wire  coil  shonld  be  oonoenlrMted  near  the  ends. 

983.  A  liorseshoe  magnet  is  simply  a  b'tr  mftgnet  turned 
so  as  to  bring  its  ends  into  the  e&mo  pliino :  tho  tlTi^lh  of  ik 
polcg  is  not  altered  by  this,  but  their  lijtiiiy  jwitrrr  is  i^roatl} 
increased,  and  tho  permeance  being  greiuter,  the  inagnctixtii  an^ 
strong^   of  the  poles   would  increase  in  an   iJeolrD-mn^eti 

§978- 

g8j.  Tho  iron  core  la  tho  basis  of  all  tlio  coneidfrations :  IIk 

first  oonsidcratiun  is  the  wurk  the  magnet  is  intended  for,  anil 

this  means  oitlior  i,  Uio  pull  It  can  oxort  on  an  armature,  iti 

traetiva  foroo  ;  3,  the  pull  it  can  exert  on  »  distant  anuaturo, 

aUraeiive  force ;  or  ),  the  nature  of  tho  Jteld  it  is  intended^ 

produce. 

964.  The  law  of  traction  as  deGned  by  Clerk  Maxwell  is 

P  (dynes)  =  ^.  or  P  (grammes)  =  j~^^  i 

or  oxprcBfled  in  Pound* 

p  (lU.)  =       ^'^      . 
^      '      Ii,i6}.ooo 

The  mysUo  4tr  wbiob  aitpoars  eonsUntly  in  funnulai  is  rcKiuirct 
only  because  of  the  olJ  tlioory  of  "polos,"  tho  notion  tha 
magnetic  force  aola  frum  a  puinr,  and  uccordiug  to  the  law  a 
squares ;  these  ideas  aro  vrroQeuus  or  purely  oouveutional,  bai 
underlie  the  COS  unit  t<^'8tc'm:  Sir  appears  here  bsoanso  ii 
a  hoi'seshoo  there  are  two  jioles. 

985.  Hut  a  woll-closod  luiruoshoo  closely  rosouibles  «  riiig,  ami 
ulm<i»t  nil  its  lines  eutur  the  urinntnrc,  so  that  B  and  N  ari 
practically  equal,  so  the  real  luuuning  ie  that  attraction  is  pro 
jD/rtiojial  to  the  iquam  of  the  naaihcr  of  tinr*  cnUrtti'j  the  arntaitm 
thcKo  depending,  i,  on  tho  forLi;  H,  <>t  atnimn-  tunm  Cm;  and  z 
on  A  tho  area,  as  wl-11  a«  on  Uiv  ]<i'iiLi<':il<iliLy. 

986.  Tho  law  of  altraetioH  Lui  [jiI  Inn  ih-fincd.  The  o]< 
notion  of  inverse  square  of  dintikiii  <    i ;  <  \]<!<>ili:d,  S  141,  and  ni 
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Olio  appears  to  ha\-o  yot  foHnil  it  Kubiititiit^'.  It  wUI  not  bo 
U)Uiy  to  put  on«  into  ii  fornitila,  but  we  initj-  tioro  iitw  Uuit  tha 
faolM  on  wtiioh  xiicli  li  forniutu  rauHt  bu  bruMHl  uro  vcrj-  Himple, 
though  aiiparcntly  now  indicated  for  thi!  finct  thno. 

987,  Traclion  ami  allraclimt  uftey  the  minin  lam  ;  lH)th  nn  related 
to  th(!  numlirr  0/  line*  irftiV/i  can  t^»(t^r  (Ae  armalurr.  It  in,  ax  ia 
beginning  to  Ijo  gutifnilly  pon^uiveJ.a  ([ueation  of  the  permoaiioo 
or  itwifiUtncu  of  thf  ^mths  open  for  lUo  fornialion  of  "  linos."  and 
thcTtfora  niainly  of  aiv  sjiaLti  or  dintanoe  of  the  armatnro,  as 
coniparoJ  with  tacllitius  for  loakago  lines,  I  97^. 

Wo  have  hoio  a  freah  oviilence  of  thu  lolation  of  energy  to 
maKnotism  and  electricity,  for  N*  ia  the  analogue  of  C  the  work 
power  of  a  current. 

989.  It  ia  easy  lo  tost  the  nnniber  of  linea  which  onter  an 
armature  in  any  ixmilion  by  means  of  an  oxploring  coil  of  wiro 
of  known  ntinilx-r  of  turns  oonnoc-tod  to  a,  ballistio'galvanomoter, 
8  J74.  When  thotmrrent  in  tho  magnet  ceaaos,  or  the  armatnro 
IB  snddonly  piilUid  awuy,  tho  uiirreiit  induced  in  tho  coil  in  a 
monauro  of  tho  numlxr  uf  lines  if  the  galranometei  ia  lirst 
KtitndartliiHid. 

A  similar  proceaa  meaaurca  tho  dialribnlion  of  tho  lines  in  a 
Hteel  Diiii^ot  by  tho  application  or  removal  of  tho  armatnro :  tho 
oiirrent  i«  groateat  at  tho  luiddlo  of  a  b,ir  or  tho  bond  of  a  horse* 
shoe,  bocAuao  thoro  all  tlie  linea  pasa  throuch  the  coil,  §  961. 

989.  A  permcameU-r  for  tL-atinjc  the  qtiaiity  of  different  irons 
can  bo  niado  in  tho  aamo  way  :  the  irons  to  be  tested  lioing  nil 
tnruod  to  tho  samo  dimensiona,  and  used  ns  cureH  to  a  amall 
[□daotion  coil  oonnoctod  lo  tho  galvanometer,  itnd  comparing 
the  dcdeotiona  prodacod  by  a  standard  current.  For  testing 
the  total  capacityof  iron,  moro  elaborate  inxtntmontsarenecHled, 
like  those  of  Hopkinnon  and  Thompson,  whloh  nro  iutoudcd  ia 
aoouTe  the  utmost  "  jH;rmeanou "  in  the  iron  hy  nieaua  of  a 
closed  magnetic  circuit:  but  for  practical  purpoeca  only  tlio 
relativo  permeancv  is  required  as  compared  with  that  of  a 
nmilar  piece  of  tho  very  boat  iron  obtainable,  which  is  tli» 
eoftoat  SwL-dinh  cliarooal  iron. 

Ourvea  correaponding  to  tlioso  of  Pig.  78  mn  also  bo  obtained 
by  varying  the  primary  current. 

9^0.  CoNSTROOTios.— The  first  consideration  is  tho  force  to  bo 
osertod  or  field  prudncHKl,  i.  o.  N  tho  nnmber  of  lineA  to  issae 
from  the  enda,  S  979,  and  this  m  Kimply  a  function  of  A>  §  9^7> 
tho  sectional  area,  not  mcnJy  of  tho  jxilar  faoca  from  which 
thoy  isaue,  and  wluch  nro  often  oxpandud  into  "  jiole-piecea  "  to 
direct  the  lines,  hnt  of  the  core;  it  dc^iends  upon,  A  tlio  arQa,ftud 
It  tho  ponnealiility  of  tlto  KpcciSo  iron  nsod. 
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991.  Length  0/  core  depends  upon  the  tptM  needed 
winding  on  Iho  wire  neccBsary  to  aerolop  thenugnfttio  pover; 
this  epaco  may  bo  obtained  either  by  lengthening  the  oora  01 
by  inercaHing  tho  depth  of  the  wire  space—wi  approximate 
proportion  is  that  tho  length  ehould  bo  about  six  diaiuetCTl ; 
but  tho  length  depends  also  on  tho  fomi  of  tho  fiuld  required  1 
for  njcro  holding  power  abort  core*  with  hirgo  currents  AM 
beat :  for  action  at  a  distance,  longer  corc«,becniis«  each Bcotion, 
like  a  battery,  adds  power  to  overcom«  rc«iKtniice,  S  954- 

993.  Hollow  cores  are  as  cfiectivo  as  solid  metal,  provided  tho 
shell  ifl  Bufficiont  to  absorb  the  magnetic  action  of  tlie  current, 
but  the  ends  must  be  closed  with  an  iron  ping  of  at  leant  equal 
thidtnces.  Tho  best  construction  is  to  bore  out  tho  core  to  the 
required  dimoDsions,  and  then  slit  it  leugthwiso  down  one  Hide 
to  prevent  tho  formation  of  induced  or  Foucault  current*  vrbea 
the  magnetic  stato  chtingos.  h 

9QJ.  The  marinetiiing force  required,  S  560,  depends  on  ^| 
<iua)ity  of  iron,  as  unit  H  is  baaed  on  tho  pemitauee  of  nS?? 
therelbre  it  will  bo  N  -r  /<,  and  tho  question  ie  really  what  Q  s 
(ampcru  tunm)  will  lurtiish  t!ii«? 

994.  The  mngnctie  itrat^lh  in  proportional  to  fA«  curt  eni  pasHii 
and  te  tho  number  of  tamt  of  wiro,  that  is  to  0  n,  snbjeot  to  t 
oonditioiiH  of  §  971,  that  is,  whilo  msgnetinn  lemaios  propor- 
tional to  current.  Thus  the  eamo  magnctie  cETuct  may  beotitained 
from  a  few  tui-ns  of  wire  and  largo  current,  or  a  nmall  ourreat 
and  many  tiiruB,  so  long  as  tho  product  of  (rurrtmt  and  uumiril 
of  lunut  amoiiuts  to  the  same  in  "  ampere-turn  a,"  ■ 

This  is  so  because  the  same  energy  is  conveyed  by  the  win. 
With  a  given  weight  of  motal  Iho  resietauuo  in  ua  tlie  square  of 
tiio  length,  i.  e.  on  the  number  of  tnnis  it  can  make.  Current 
is  inversely  as  this  number ;  thorcfoiu  if  wo  have  i  ampere 
in  ICO  turns  of  1  ohm  It,  the  energy  by  C  X  R  =  I  joule, 
then  1000  turns  would  have  100  1{,  ana  the  current  being 
-I  we  have  -i'  X  100  =  i  joule  «6  before.  Here  wo  see  that 
magnetism  is  a  function  of  energy  ;  it  is  generated  by  energy 
atsortif/i,  and  follows  tlie  law  of  energy  ta^ended  by  the 
curTcut. 

99;.  EKcry  tjiire prwUtcet  e^ptal  effect  in  a  closed  ling,  and 
Biibjoct  to  remarks,  $  981,  may  bo  Boid  to  do  so  in  all  maenets, 
ivheru  tlie  wsiste  of  Iine-a  through  tho  oir  space  ia  Bmall.  la 
other  words,  tho  magnetising  cfloct  of  a  turn  is  independont  of 
its  diomotcr :  this  is  ensily  nndontood  when  we  consider  that 
tho  longUi  of  the  acting  current  incrcosos  os  its  diatanoo  does, 
and  the  ^tatoment  tmi>lies  that  tbo  current  is  cqnal  in  both 
«OMa.     Of  courso  the  larger  spires  offer  greater  rveistanco  and 
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oxpond  proportiooal  E  M  F  or  «ner|^ :  thereforo  the  tHckuoes 
or  the  bclix  should  bo  kept  m  email  as  possible. 

996.  Ampere  litntgre^ired. — This  brings  as  back  to  tho  con- 
ception of  tho  maji^ctic  circuit,  §  Ojd:  amporo  tnma  (^Derate 
H  or  mnpiicto-motivo  force,  S  960.  aua  therefore  replace  the  E  of 
current  iDrmalio,  though  H  is  the  real  analogue  of  E,  just  as 
N  rcplnccn  current  0,  and  reluctance  R,  g  965,  corresponds  to 
resistance,  and  therefore  H  =  N  X  R- 

997.  But  how  are  wo  to  get  the  value  of  R  ?  we  hnvo  no 
units,  like  the  ohm,  to  balance  it  against:  it  can  only  be 
calculute<l  from  the  permeance  of  tho  circuit,  S  56}  ;  tliia  ia  only 
to  be  calculated  from  tho  permeability  of  the  several  parlsof  the 
itiagnetie  cinmit,  that  is,  it  ia  for  each  part,  <i  x  A  -7-  '  (Icngtli), 
the  same  law  n«  that  of  conductorB,  S475.  Tbia  iifHimple  enough 
as  regards  the  iron  porlioo.  but  not  so  aa  ngitrds  tho  air  spaccB, 
where  ;»  =  r,  bnt  A  ia  not  voty  oaay  to  oatimato,  nnlcaa  Uio  air 
space  1)0  very  Bmnll. 

998.  But  li*ving  estimated  R  either  as  tho  reciprocal  of  tho 
total  pennaanc«  or,  directly,  hy  inverting  the  formula  to  /  -=-  A  ^ 
for  each  part,  and  adding  them  together,  H  l<oing  N  R,  then  by, 
S  cyfib, C  n  =  H  y  l-T-  i'2^C6l  being  length  of  the  magnet  in 
centimetres.  The  dlviniou  of  aninuit^s  and  turns  is  then  eon- 
trolled  hy  the  general  oonditiona  of  the  circuit,  SS  loojand  loS}. 

9^9.  A  helix  ia  aimply  a  tpoM  meuiiurablc  in  cubic  inohea,  or 
in  the  case  of  circular  ooils  in  cylindrical  inches. 

Tho  area  ia  measured,  and  iu  circles  is  an  tlio  square  of  tho 
extreme  diameter,  leas  tho  wjuare  of  the  inner  diameter,  and 
multiplied  by  the  Itingth,  givua  the  »paee  iu  tbo  mcasttro 
desired,  as  in  the  case  of  wires,  i  517  ;  in  fact  wo  may  regard 
tlie  helix  for  the  moment  as  a  bar  of  copper  of  which  wo  obtain 
the  weight  by  multiplying  by 

per  cubic  inoJi  3147  grains,  Log.  J'lJiGoji 
„  cylind.,,    1765       „       „     j-a467447 

1000.  From  this  a  deduction  lias  to  bo  mode  for  apace  between 
tho  wirtis  and  for  the  insulating  material,  which  will  vary  witli 
VUidh  make.  The  licst  plan  to  aecortuin  the  actual  ratio  ia  to 
make  a  mandril  with  recess  sunk  in  it,  of  i,  i,  or  1  inches 
Icngtii  for  different  sized  wirca;  wind  this  with  one  layer  of 
any  wire  and  count  exactly  tlie  numlier  of  turns  contained. 
The  diameter  of  the  (ar«  inVe  meaeured  or  calculated,  S  54),  will 
give  the  number  of  turns  it  would  give,  and  the  ratio  of  tliomj 
numliers  of  turns  will  represent  tho  njiace  occupied  1^  tho 
covering. 
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Silk  covering  le  more  regular  Uitiii  atiy  otlier,  and  I  have  (>b- 
tiiincd  the  curve  of  Fig.  70,  from  a  nninber  of  cxporimonts,  as 
an  approximution  to  the  ratio  of  tiie  weight  actually  coiitaineil 
in  a  coil  to  that  of  ttio  Kolid  metal,  S  996,  wbiuh  of  couruo  is  Iobh 
aa  tlie  size  of  wire  docreanea  ;  thu  height  froiu  the  lower  line  to 
the  curve  iu  |>aits  of  au  inch  will  give  a  ratio  by  which  to 
mnltiply  the  solid  weight  of  S  996,  to  ascertain  the  actual 
wetghl  of  metal  in  the  coil. 

Fig.  79. 


looi.  This  formula,  given  by  Prof,  8.  P.  Tliompxon  in  his 
iuKtructive  Canter  LocUirea,  will  iilao  give  the  infonnntioD, 

ohms  per  ouLio  inch  =  ^,  ' '  , 

d  boing  tho  diameter  of  the  bare  wire,  and  D  thatofthooovarod 
in  vtilt. 

looa.  WiHE  RtU)UitiED,~Tho  tite  of  the  tore  being  detormised 
by  S  951,  the  tin  i'f  Ihe  hdix  follows  from  S  996.  and  tho  gauge 
of  mre  to  be  used  then  de]H>ndH  Ti|>on  the  rfBiBtanoo  adapted  to 
the  conditions,  and  varies  with  the  nature  of  the  work. 

Ono  limiting  eonsidcration  is  the  permissible  boating  and 
consequent  current  densitv  $  562 :  the  heat,  as  a  goneiul  rule, 
nhould  not  cxcwd  100^  Fahr.  over  that  of  surronnding  spaoo. 

The  tuilnbtc  rftiitanec  of  the  E.M.  is  deBncd  |iy  the  conditionii 
of  eurrent  supply,  the  general  resislance  of  the  circuit,  and  the 
availalilo  E!  M  ^ :  and  theeo  conditions  also  control  to  a  con- 
siderable d^ree  tJio  thickness  of  the  helix. 

too}.  Having  tho  resietAnce  requirod  to  bo  given,  and  tho 
weight  of  metal  at  disposal,  which  is  tho  weight  of  the  wiro 
giving  the  desired  resistance,  a  rulo-of-throo  sum  give*  weight 
la  to  7000  grains  as  It  Ls  to  obins  per  pound,  and  n  reforcnoe 
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to  tbe  Tftble,  p.  aSi,  will  show  the  suitable  size    Or  tbia  may 
bo  calcolatod  from  tno  constants  in  §  J44. 

_  },4i6,93$ JsqtinrD  of  nrca  in  mils 

cbam  per  lb.  ~  (of  tho  rcinirod  wire. 

1004.  OoRBESTa  i»  Maqkktic  Fielm. — If  wo  examino  thfl 
actions  upon  tlio  molwwlea  of  a  conductor  revolving  among  tJio 
linoa  uf  force  of  a  maKnetic  Ooiil,  as  shown  in  Tig.  77,  5  954,  wo 
shall  eeo  that  difToront  effects  may  bo  autici|>atc-il  aoourding  to 
the  direction  of  tii<3  motion  ;  wo  shall  bo  aided  in  examining  tli» 
eflV)ct§  if  wo  regard  Fig.  7J,  S  945,  as  a  vertical  cross  section  of 
Fig.  77.  If  the  axis  of  motion  bo  in  the  central  line,  N  S,  and 
the  motion  takes  plaoe  in  tho  circles  of  Fig.  t}.  tlie  molecnies 
Hitllcr  DO  chango  of  position  as  regarcts  cither  tneir  rotation  to  S 
or  t«  their  arrangcmont  in  the  moving  wiro;  hcnco  no  effect  can 
rcBult.  If  tho  AXIS  bclowcrod,  it  will  be  »ccn  that  each  nioleculo, 
in  order  to  retain  its  relation  to  tho  mngnotic  fiold,  must  in  each 
semi -revolution  swing  liiilf-wny"n  it«  ax'm: 
this  is  shown  in  Fig.  60,  wliii-h  nhown  a 
ring  uf  wiro  rut^ting  ou  a  centre  •:  acriHui 
tlio  oircles  of  tho  magnet  8.  It  is  ohvioiiH 
that  the  nioloanlee  of  tho  wtro,  in  order  tu 
keep  their  relation  to  these  cireltss,  turn 
on  their  axis  in  the  direction  of  the  iimall 
aiTowB,  and  in  doing  so  set  up  a  current 
in  the  wire,  if  a  current  really  involves  a 
molecular  rotation.  This  explanalioti  is,  of 
course,  hypothetical,  but  it  is  a  /aet  that 
tho  motion  of  tho  conductor  under  thcso 
ronditions  does  prwlnco  some  action  within 
tho  wire  whiuh  rueull«  in  lui  electric  impulso, 

lOo;.  This,  Fig.  So,  is  n  very  Himple  looking  thing,  but  it  is 
commended  to  the  student  as  one  of  tliu  very  highe«t  importauco 
and  involving  the  most  esscntiul  principles  of  dynamo  maohinos. 
Following  Faraday,  all  writeis  gpcnk  very  fully  about  '■  cutting 
lines  of  foroo";  they  rest  in  that  phrase,  and  no  one  thinks  it 
neoessary  to  giro  any  rcfison  ichg  aillin// linet  0/  form  »hoiilti 
ganerale  a  eunent  in  the  wire.  This  figure  gives  um  the  reason  : 
tlia  mi^re  lines  of  force  uru  notliing,  if  U  the  rolaiion  <•/  tha 
ndecuteii  of  the  mire  while  arraiujimj  ihetnsehes  at  farlt  of  these 
Ihut  of  force  lliat  cait*e«  the  eurreiit. 

1006.  If  a  plate  uf  metal  is  revolved  under  or  above  a  mngnotio 
polo,  or  between  tho  i>ulea  of  a  horsexhoo  mngnct,  but  below  tho 
middle  line  of  tlio  poles,  us  new  sets  of  molccnlos  nro  brought 
into  action,  soIa  of  opix.ising  currents  are  set  up  in  tho  con* 
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dnotor,  and  cad  bo  co1Ieot«d  by  means  of  a  pair  of  ipriDgs,  ono 
pressing  on  tfao  centre  of  rotation,  at  c,  in  Fig.  60.  and  tho  other 
on  tho  circnmforonoo  nt  the  points  n-hcro  tho  curmnts  mcot, 
which  in  tho  latter  case  is  on  tho  radius  botirevn  tho  polc«  of 
tho  magncti  or  at  a,  Fig.  80.  This  wm  th«  first  fonn  in  which 
FnrwU;  demonstrated  tho  notting  np  of  an  electric  cnrront  1^ 
miilign  of  a  oondnolor  within  a  magnotio  field.  8oiai>  very 
tttribina  dovclupnivnt«  of  this  action  bavu  been  ntJlixed  by 
Klihn  ThonipMon  in  America. 

1007.  Tho  currents  »>  generated  have  two  effects:  i.  thoy 
hoat  too  motul  aceonJing  to  tho  re(;n"lnr  law  of  cnrrcnt  work,  ho 
that  with  a  powcrftil  curmnt  mctnlit  may  bo  made  red  hot  and 
OTDD  niultod  ;  3,  tlxy  olTcr  it  great  refliatanoo  to  tho  luocfaanioal 
motion  ;  of  oounie  thU  riwLitanco  can  never  rise  to  tho  extent  of 
Ktopping  tho  motion,  Iicciiiihu  then  no  current  can  i^xii>t,  and  it 
IK  in  no  ncnso  on  obstruction  ofTeroil  by  lite  fir.hi  tUr//*  which 
arre«t.i  the  motion,  but  ptiroly  that  tho  forco  wbidl  cnnactt  thfi 
uioticin  ill  cseHod  mlnrn  the  comiueltir,  producing  eleotrioal 
motion  am(>ng  it*  niolocnles,  indtciul  of  M:tting  iip  nn  oxt«!maI 
motion  f'/ Itic  eaniiaclm-  itself.  This  efTcut  in  stnkinglyoxhibit«d 
if  wo  allow  a  silver  «iin  to  drop  Wtweontlio  poles  of  a  powerful 
oloctro-mngnct ;  iU  motion  slackens  as  it  enters  tho  field,  it 
Touy  take  evi'u  two  minntoH  falling  across  the  field,  and  will  bo 
found  tftronijly  hcatiHl.  We  have  in  this  expcrimont  tho  clear 
Gvlilence  of  liuw  uKvhitniwl  onorjiy  is  conveitod  into  olectrical 
currents  by  dynamo  machines. 

lOoB.  If  a  bar  <if  iron  1)0  snrroun^ed  by  a  beJix  of  wire^  a 
curroat  of  fiidaution  is  sot  np  when  the  iron  is  magnetixcd,  and 
another  !n  tb«  opposite  direction  when  it  Iohcs  its  mUKniiliam; 
or  llio  samo  effecis  iiro  prodnwd  if  a,  ningnetiw^l  steel  bar  h  in- 
serted into  and  withdrawn  from  a  helix.  If  a  helix  i«  wound 
upon  tile  nrnis  of  u  horseshoe  pormnnont  magnet,  eurreitta  are 
in  like  manner  set  up  whenever  the  armoturo  U  applied  to  or 
remuvod  from  tlm  magnet;  when  a  perfectly  fitting  armaturd 
of  nnfticienl  nixe  is  applied  to  a  magnet  tho  whuW  of  the  mag- 
netic linva  cnti-r  it,  $  931,  and  tho  magnat  becomea  inert  aa  lo 
cxiumal  acUon :  in  other  worda,  the  external  field  ia  absorbed  in 
the  armature,  which  doaca  tho  linca  of  forca 

The  remoTal  of  the  armature  roauirca  tho  application  of 
external  energy  Eufficient  to  restore  llio  nonnol  magnetic  con- 
ditions, and  then  the  encr^  in  tlio  armature  passca  into  the 
fonn  of  enrrent  in  ita  wire,  juat  us  in  the  eaae  of  induction  ooils, 
OB  abomi  I  968.  A  little  consideration  will  show  that  tho  aotioQ 
of  dynamo  maohinca  ia  rvidly  a  auccvssion  of  such  applicatuma 
and  removal*  of  a  aoiid  armatnro,  S  160. 
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1009.  All  the  practical  forms  of  in»(^vUiH>]octrio  mncliini^ 
are  baeed  upon  eome  of  thwo  principloF.  The  cnrliest  nod 
eimplest  fomi  consists  of  an  armatvn  0/  honethoe  shape  rcrolrcd 
acTou  the  polos  of  a  hotsoBhoo  magnvt.  Tho  wire  is  wound  to 
form  one  continnous  helix :  tho  motion  mnkcs  cocli  end  of  tliu 
wiro  alternately  +  and  — .  Wo  mny, 
therefore,  csAmmo  tho  action  upon  ono  Pio.  si. 

end  of  tho  wire  in  a  complMo  revolution. 
Let  a.  Fig.  81,  bo  tho  ond  of  ono  liclix 
resting  on  tho  nontml  lino  a  b  of  tho 
magnetic  poles  N  3,  and  the  lino  of  motion 
bo  from  R  to  N.  North  magnetiain  is 
l>uing  gained;  and  lot  us  aseiimo  tbat 
the  rolntion  of  the  holix  ia  sacb  that  this 
renilera  the  end  +.  As  soon  us  a  passes 
N  ita  north  magnctieni  is  being  lost,  heneu 
tho  wire  nvorses  its  polarity;  as  soon 
a*  a  passes  ihe  ncntral  lino  it  beginu 
to  gain  Gi>uth  magnetism,  and  (as  gaining  nortb  matcee  it 
+  )  thia  gives  it  —  iwlority,  which  on  croseing  8,  and  when 
the  south  magootiam  ia  being  lost,  again  becomes -{-.  We 
have  thus  four  electnc  irapulite«  which,  being  however  in  couplce, 
resolve  themBelvcs,  as  may  be  seen,  into  two  electric  conditions, 
which,  it  should  he  olmorved,  oorrespoud  to  the  states  set  np  in 
tho  wire  ring  of  Fig.  80.  By  means  of  ft  commotator  on  tho 
line  NS,  therefore,  a  current  can  Vio  obtained  in  one  direction, 
though  not  continuous,  but  composed  of  the  action  of  four 
difltinot  impulses.  The  mode  In  which  the  commutator  acts  is 
explained  5  1058  and  Fig.  gj. 

toio.  It  must  be  understood  that  the  point  of  change  is  not 
praeticalhj  upon  the  lino  N  S,  but  ufion  a  lino  in  advance  of  it, 
as  shown  by  the  dotted  lino.  Fig.  11.  This  is  dno  to  "lag," 
fi  975 :  the  line  of  actual  break  will  depend  upon  the  quality  of 
tho  iron  of  the  armature  and  upon  tho  mlo  of  rotation ;  it  is 
even  possible  to  conceive  a  rate  of  rotation  ench  that  noclTcct  is 
produoed  at  all,  and  in  practioe  the  motion  cannot  bo  odvan- 
tagooafl]y  increased  bej'ond  a  certain  ratO)  at  which  tho  maximum 
effect  is  produced. 

A  similar  displacement  of  tho  neutral  point  occurs  in  nil  forma 
of  dynamo  machines,  and  tho  commutator  bninhcs  arv  mado  to 
move  round  the  axis  to  some  extent  in  order  to  admit  of  adjust- 
ment to  suit  the  speed  of  rotation. 

1011.  It  may  be  romarkod  hero  tliat  each  paasago  of  the 
armature  not  only  causes  aomo  molecular  change  in  itself  whilo 
taking  up  magnetism,  bat  that  it  also  canses  a  change  in  tho 
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tiiolooiiUr  conditions  of  tho  magnet-  itself.  If  a  wire  is  GoiIc4 
upon  a,  magnet,  a  current  will  bo  set  up  in  at  ©aoh  paasa;^  ; 
ui  fact,  mauy  apparatus,  such  as  fuae-oitploders,  aro  conatructod 
u(>oo  this  principle ;  tho  poles  of  the  niatjnet  tliomsolvos  aro 
wound  witli  wire,  anil  the  ruiTont  is  produced  by  applying  an 
armature  and  forcibly  withdrawing  it,  S  1008. 

[Oil.  The  changes  of  the  magnetic  field  may  bo  tested  by  a 
telephone  based  upon  a  soft  iron  bar,  which  being  Applied  to 
tho  maguet  will  ho  mnguetixcd  etrongly  when  tho  nrmatura  is 
distant,  and  less  as  tho  external  lines  oonc«nlrat«  in  tho  aji' 
proaching  armature;  at  meh  such  ehango  there  will  Im  a  ponnd. 
The  efficiency  of  any  armattire  may  be  tcetixl  by  tho  reduction 
it  produces  in  tho  extormil  ficlil,  us  shown  by  the  diminishvd 
deflection  npon  a  magnetic  needle  ut  u  little  distance. 

loij.  DTNAMO-ELEi.-niic  MACinNEs. — These  modern  gen emtoiw 
ijfoteetrie  current  hiivo  asswraed  so  many  forms  that  it  wonid 
be  imjKiaible  to  enler  at  nil  fully  upon  their  histiiry,  principlen, 
iir  constrnctiou  in  the  tqiaoe  at  ooiiimuud.  Therefore  only  tho 
general  principles  will  bo  oouitidered  in  a  fnrm  t'l  bo  of  raowt 
iutereul  generally,  iind  rc>adera  having  ispeoiiil  iwtereate  will  Jo 
wl-11  to  refer  tn  wmka  on  this  subjocl ;  thus  amateurs  who 
wish  to  make  dynamos  will  find  the  work  of  Sir.  S.  Bottonfi 
meet  their  needs,  and  inanufoclurors  or  seekers  of  Urge  machines 
will  study  those  of  I'rof.  Silv,  Thompson  and  Mr.  Oi&bert  Kapp, 
and  articles  in  the  technological  periodicals. 

1014.  I'hoy  used  to  ho  classed  as  tntvjntlo-cleelrle  and  difiiamo* 
electric-,  tho  early  forms  having  permanent  steel  magnets ;  but 
this  is  only  a  matter  of  construction  and  growth  of  kuowledgo. 
All  consist  essentially  of  two  Bystems. 

I.  Tho  mwjnctie field,  which  may  bo  produced  either  by  steel 
magnets  or  electro-magnota,  but  which  it  is  desirable  to  mako 
as  powerful  as  poesiblo. 

3.  The  armaiurf.  which  takes  up  the  force  of  the  fiold  and 
In'  its  agency  transforms  the  energy  supplied  mocbanically  into 
electromolive  force  and  current. 

101;.  IlisTOKY  Of  Uv.NAMo  Macuineis. — Faroday  obtained  n 
current  from  a  magnet  in  1851;  the  next  year  Ilippolyte  PixU 
of  Paris  proilncod  the  first  machine  fordoing  this  prailitally  : 
it  coQsifitod  of  an  electro-magnet,  under  tho  poles  of  wliieb  a 
]ioworfiil  stcol  horseshoe  was  rotated  by  a  shaft ;  this  rcHtittt4  iti 
altoniatiDg  impalses,  and  a,  commntator,  composed  of  two  \mvit»  of 
half  cgrlinaors  with  springs,  exchanged  the  relations  of  tho  wiro 
«ndr)  to  the  two  tennmal  binding  ecr«ws,  ho  that  thoito  delivered 
u  current  always  in  one  direction. 

Jt  Mfil]  be  eeon'  that  this  machine,  rough  and  imperfect  as  was 
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iU  construction  ine<;liatitcnlly.  yot  oonlkined  all  Hir  niiiimiLiji 
vlviDonbi,  itnd  earrioil util  the-  ((ux.iitinL  priuoiple*  of  tho OOnTonioD 
vF  moobanioal  wi«r^'  iulo  ilynamic  elcclnVitv. 

1016,  Skxtou  of  PhiladoipLiii  n^vorscj  t)n^  coiistraction  of 
Pixii'K  mnohino  in  iSj),  by  fixinj;  the  pt-iin^int'iit  mn^ut  nnd 
ntatiufc  tha  arinalurc,  which,  whilct  in  nu  way  altarinK  tho 
prinoipTo,  aitnplitled  the  Gon§truclion,  and  (lid  away  wiUi  ouo 
pair  of  ooiitaot  spriut^s  in  the  comniutator. 

■  017.  CUrke  of  Londun,  in  i6j4.  still  further  niodifitMl  tho 
ooDRtruclioti  by  fitting  the  magnet  in  a  box  and  rotating  tho 
armature  over  the  side  of  tho  magnet  instead  of  across  iU  pules. 
This  is  tlio  iustrmuent  still  well  known  in  t^o  shops  aa  the 
"  medical  uiaKneto-e lectio  machino." 

Pixii'd.  .Saxtcn's.  and  Clark's  machines  are  merely  modiGod 
fonns  of  one  (ypf  or  principle,  and  as  it  is  so  well  known  1  shall 
rofor  to  this  in  future  as  "  the  Clarko  ty])e." 

1018.  J.  S.  Woolrich  produced  tho  first  practical  maohino  for 
hu*^  currents  and  oiicino  power  in  1841 ;  it  was  practically  m 
ootupoDud  Saxton  niacnino  with  many  magnets  on  a  fruino,  and 
many  elect ro-majcn el*  roLiti-d  hy  an  axis  (thus  greatly  Tesoni« 
hling  tho  later  Alli'tncu  nutchiui.-),  and  it  gave  groat  pleaMura  1 
to  laniday,  whu  kuw  in  it  tho  rapid  growth  of  tho  scicntiCo 
infant  he  h<ul  prwwnt^'d  to  tho  world  ten  yoare  l-efore. 

101 9.  Tho  next  iirogiesa  was  mado  in  1 8^6  by  C.  W.  Sic-monN, 
by  tho  dovice  of  his  x  core  or  armature,  $  io;8,  by  which  tho 
loH  of  jKiwor  in  churning  the  air  in  minimised,  as  it  enablea  a 
long  magnetic  ooro,  with  short  pidar  distance,  to  rotate  in  ft 
very  intonKo  "  field  "  with  tho  greatest  anofnl  veloeitj-,  and  yet 
with  Httlo  mouiviitum  or  moohuuieal  strcM.  This  I  shall  refer 
to  iM  tho  "Siomons'  core"  in  order  to  dintingninh  it  from  the 
arvtalure  of  Im  later  machines,  which   cotuitituto  a  difierout 

tyiw. 

lOJo.  IT.  Wildo  mailo  in  1867  a  simple  yut  a  rcry  ingoaioua , 
combination  of  twu  Siomena'  maoliiiiea.      Ho  unod  n  Siomeni^l 
maohinv  with    permanent  maji^ota,  but  instOMl  of  using  its 
ourrviit  for  work,  he  directed  it  into  a  aooond  Siemoas*  machino 
witli  a  largo  e  1  no Iro- magnet  for  itti  Held,  kd  hh  to  obtain  aa-. 
inteiiHo  magnotiu  field  :  tho  core  which  rotated  in  this  tlierofore^ 
gonorated  it  much  larger  current,  while  of  courau  rci[airing  pro- 
portionate enurgy  to  driro  iU 

lOii.  The  next  advance,  also  a  very  simple  ono  to  our  nowj 
extended  knowledge,  laid  the  foundation  fur  nil  tho  later  form*' 
of  machine.      In    the   latter   part  of  i656  Mr,  S.  A.  Varlor, 
Prafc«Kpr  Wheatetone,  and  Dr.  Werner  Siemonii  siniallAnooaafy 
onrricd  the  idea  of  aecumulalivn  a  stage  further  than  Wilde,  who 
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depondod  on  tlio  ourront  derived  from  one  permftiKMit  magnet  to 
geuerata  a  etronger  magnet.  Tlie  new  uud  fertile  conception 
was,  to  commoDoe  vritli  the  very  tveukest  miignetism,  and  niaVo 
it  generate  the  strongest,  in  fiict  to  make  the  electro-magnet 
MnyrwdM  iltclf,  by  sending  tlie  current  from  the  armatnre  into 
the  coils  of  tho  field  magnet,  each  iu  turn  reinforcing  tho 
other,  till  the  maxiumm  of  magnetism  was  reiiohod,  starting 
from  tho  Mnnll  re;*idiial  mugnotism  always  present  iu  iron  ouoo 
Diagnotij^od,  The  euriouB  tiling  is  that  Mr.  Viirtoy  had  a  pr»- 
omptiyo  right  to  tliis  idea,  because  it  was  simply  trunsfening  to 
the  new  field  the  jirinoiple  lie  had  bufurc  applied  to  hia  statio 
occuronlator,  S  58,  yot  it  was  years  befoiu  bia  part  in  tho  matter 
was  recognized,  thuugh  fae  had  actually  pu(L*iitv<l  tho  priooipla 
Ivfore  the  ether  oo-disooverors  who  got  niest  of  tho  credit  had 
mentioned  tho  subject. 

IOI3.  It  should  be  mentioned  here  that  gltmpsos  of  tho  idea 
of  nccnmtd.-ition  had  been  perceived  by  others;  Millwud  of 
IJirminghnm  in  iSfi  suggoated  the  causing  uf  the  electro- 
mngneta  generated  by  the  current  lo  pasa  over  permanent 
uiagnuls  su  as  to  sustain  their  force.  But  Stephen  Iljorth  in 
1S55  clearly  antlciiJated  Wilde's  combination  of  two  distinct 
machines  by  producing  the  samo  effect  iu  one,  A  rotating 
ring  of  armatures,  similar  to  that  of  tho  Alliance  inuc^incy 
[iHiised  botwoon  thfi  poles  of  a  massive  horseshoe  magnet ;  tho 
current  thus  generated  was  taken  up  by  a  o>:>mtuutator  uid 
parsed  into  a  pair  of  largo  electro-magnets,  between  tlio  polo*  of 
which  tho  ring  of  armatures  also  passed,  and  generated  ourroatM 
to  be  applied  to  work. 

1 02}.  Mr.  Ladd  devised  several  coui'cnient  maohiues  for  ntilu- 
ing  the  priRoiplo  of  accumulation,  lie  made  largo  eluotro- 
niagnets  of  boiler  plate  fitted  with  polo  pieces  between  irhK^ 
Siemens  cores  rotated.  In  some  iie  placed  such  pole  ]>ieoe*  it 
each  end  of  two  etiaight  magnets  with  a  core  in  eaeh,  ono 
ser\'iug  to  maintain  tho  magnetism  as  in  Wilde's  maohine,  and 
the  other  for  the  work.  In  others  thoro  was  a  polar  system  at 
one  end  of  a  horseshoe  magnet,  but  the  core  consisted  of  two 
parts  fixed  at  right  angles  to  each  other  so  aa  to  come  into  aotion 
alternately,  tha  two  part^  serving  tho  samo  purpose  ns  the 
separate  cores  of  the  oilier  form.  'Ihcsomachincs  werethereforo 
identical  with  Siemens',  but  with  thoeloctro  field-magnet  inatood 
of  a  permanent  magnet. 

1024.  The  Alliance  machine  should  be  mentioned  iu  tho  ordor 
of  development,  tliough  it  introduced  no  new  prinotplea.  It 
oonsisted  of  a  ring  or  disc  carrying  near  its  ciroumforenoo  a 
nauiiicT  of  straight  or  bar  electio-magnots  arranged  parallel  to 
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tho  axim  wKicli  wow  oarried  bj  the  diito  but^Ton  tho  two  poles  of 
HUtiunary  rUxI  lioneslioM  amnxed  on  a  fnim«,  and  equal  in 
nambur  to  tbo  Aruinturo  bus.  A  nnmber  of  tbcco  di»ca  wor« 
moantwl  on  tfau  ucu  witli  oorresponding  field  •jntoms  around 
tbom  oonatitiitinK  a  compaiitDd  Clarice  typu  of  machine  Terr 
eimilar  to  that  of  Woolrloh.  The  most  important  nwult  of  this 
machine,  which  wua  used  for  geaieratiug  light*  wm  tho  diaooveiy 
tluit  it  was  not  neoiteary  to  camtaataU  Uio  eurrontii  for  thu 

Sarpoati.  Tlio  machine  was  a  failure  at  first,  hecaiuo  of  the 
ifficulty  and  loeH  at  the  oommutator,  but  answered  well  whoa 
Biniplu  collvotiiig  oylindors  uud  springs  were  used,  and  the 
alternating  cumnt  sent  to  the  aro  lamps. 

Hrilmew'  uiucliiuu,  which  was  simply  an  Alliance,  was  pnlctnled 
in  England  in  >Sj6>  and  in  i852  was  used  at  the  Dungoncai 
Lighthousu,  the  fust  succoasful  and  permanent  use  of  tlio 
electrio  light  iti  Englund. 

102;.  So  far,  all  tho  maohines  were  of  the  Clarlco  typo,  con- 
alstiDg  of  an  armature  of  constantly  reversed   polarit}*,  pro- 
dnoiiig  alternating  ouiTenU,  which  had  to  bo  din^tc^d  to  the 
oironit   thiongb  a   commutator.     In    iBCo  Dr.   I'aoinotli   of 
Florenoe  oonouved  the  idea  of  a   eonlinaon*    riay  rotating   in 
the  nagnetio  field,  with  tho  induced    magnetio    polea    always 
fixed  in  one  spot,  though  the  iroa  in  which  they  exiitttid  was 
being  oonstantly  changed,  and  fro«h  coiIh  of  wire  brought  iinilor  ' 
their  influence,  i  1064.     It  was  really  doTised  as  a  motor  to  l>o  ' 
driven  by  batlerics,  and  the  principle  of  accumulation  which  1 
wss  deatinod    to  malco  it  a  good   generator  of  current  woa ' 
unknown  when  in  18C4  tho  invention  was  described  in  the  J^iktm 
Cimmto  and  several  small  maohines  made  and  depo«ited  in  tho 
Florence  Museum. 

1026.  '£.  T.  Uiammo  of  Paris  ro-invented  the  Paeiuotti  plan 
Ma  generator  in  1^70.  and  his  machine  was  used  in  electro- 
motallurgy.  Von  ITtTriic-r  Altcnech,  of  the  hcnise  of  ijieinons  and 
Jlalakeof  Berlin, modilicdthorotatingarmaturoin  iSji.  From 
theae  two  tjrpoe  of  armature,  tho  GramiM  rin^  and  the  Sirment 
dram,  all  tho  modem  fortuH  of  dynamo- machines  originab: :  to 
follow  thi.<m  out  niid  d<'Hcril)o  thcin  would  nood  a  large  ToloiU'i 
and  a  very  spooial  ncqutiintunco  with  tbo  sabject.  But  there  !a^ 
a  mode  of  foliuwiiig  out  the  priticiploe,  porhaps  even  moru  UHt-ful 
than  tracing  tbo  fvnnii  in  wtiich  thoy  havo  appeared. 

10J7.  Evomrio.s. — Tho  doctrine  or  idea  of  ovolulion  i«  now 
firmly  grafted  upon  the  soientitic  mind,  and  is  oxlendiug  it^tulf 
into  alt  tlio  dopartmontx  of  knowledge.  It  teaches  us  that 
notliing  is  isolat(4 ;  every  fact,  every  i(k-<»  holds  some  relation  to 
Others  from  which  it  grows,  while  it  bocomos  a  point  of  origia 
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for  othon,  somotiniOB  contiimiiig  a  direct  line,  BOincUiaes  con- 
Btituting  ft  potut  of  (lifTL-runtiatioii,  at  wbiult  inuy  originnt'] 
Bovcral  growthfi,  prooewling  onwiinls  until  there  uppeiirs  no 
rdatioiiBliip  between  tlicir  produots,  Sucli  is  tlio  rclatiotiEKip 
Hinong  the  variouH  langu.igeii  of  luaukiiid,  ua  well  as  Among  tho 
rfic«3  of  beiDgB.  Now,  an  imjioi-tant  offoot  of  thiB  is  that  not 
only  may  tlio  untraiued  mind  bo  un&ble  to  una  u.  ctmanotivn 
botwpeii  two  oppareutly  distinct  things,  but  that  there  may 
aotunlly  exist  gapa  in  the  line  of  emluHon,  missing  liiika  in  tlio 
nliiiin,  citbur  tost,  or  wliich  iidver  bad  actual  cxisteuoe,  excupt 
in  tlie  rudimentary  condition, 

1028.  ludiemietry  wohave  a  number  of  "  homologoaa  Berio»  " 
iind  giimpB  of  series,  which  illoBtrate  this  very  romarVabK-. 
TliuH  we  bavo  a  aeries  of  radicals  starting  from  mctliyl  CHj, 
awl  riaing  by  additions  of  CUj  through  a  long  line  of  sabs tanoe«, 
which  gradually  become  denser ;  the  addition  of  hydTOxyl  110 
to  any  one  of  those  substances  converts  it  into  a  correspond inj; 
alcohol,  such  as  the  commonly  known  alcohol,  the  hydrate  of 
othyl,  C'jHjOn.and  glycerine,  not  commonly  considered  alooboUo 
in  character,  yet  really  so  sciontltically.  Another  atom  of 
osygen  insertod  in  tho  molocnk-,  in  plaoo  of  II,  gives  tia  iho 
corresponding  acid,  such  as  the  acetic  acid  of  vinegar  CjHjOOII, 
up  to  stearic,  and  tho  waxy  adds  and  so  on. 

1019.  Tho  same  croups  and  siibstancos  way  ho  classified  upon 
other  systems,  eiich  as  that  of  types,  but  still  with  tho  samo 
Results  which  arc  now  under  consideration,  tho  conatniction  of 
connectoil  lines  and  diverging  groups,  forming  a  clearly  con- 
nected whnlo,  in  whioh,  however,  there  iiro  many  gaps — sub- 
■taiicGs  which  do  not  actually  exiet  in  nature,  or  have  not  been 
discovered,  but  the  possibility  of  whose  existunco  is  tvidunt, 
while  some  of  them  have  actually  boon  produced  artificially  in 
coiiBiMjuence  of  this  forosoou  poteatiulity  of  existence, 

lojo.  Evolution  0^  the  IIvnamo-^U  is  mich  a  relationship 
th;tt  I  wish  to  present  among  tho  diQcrent  kinds  of  machines, 
not  as  n  matter  of  fact,  not  a.s  implying  that  the  inventors  of 
the  diflcrunt  forms  ai'limlly  developed  them  in  this  manner,  but 
iM  essential  to  tho  nndorstanding  of  the  rcsemblancca  unit 
diOoreiscea  among  tlio  inacltines,  u:id  iia  eual>ling  worketa  to 
proceed  upon  deCnite  principlus,  rather  than  upou  rutu-of-thumb 
processEfi,  ami  costly  tentntivo  experiments. 

In  the  cnd<uivniir  to  realize  such  u  systutnatio  oouooptiou,  Iho 
fintt  thing  in  development  of  correct  ideas  \a  lo  clearly  dia- 
tinguitdi  betwoeu  thlmja  and  appearaneet,  l>elwoi;n  fundaiuoutal 
principles  and  mere  forma  of  construction. 

loji.  To  begin  with,  we  should  recognize  that  thoro  is  no 
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real  dl0BTOAC«  betweeu  a  bar  toteoet  ftuil  a  honcskoe  ma^et, 
exoept  in  tb«  form  of  the  field  of  foree  sol  u[i  l«lwf<.'ii  tbo  polu, 
which  '•^'pt*  oaa  form  to  somo  ))ur|>ou:e8  anil  thu  utlicr  furin  to 
othfin.    lliiu  it  i*  ttvidect  that  a,  iu  Fig.  Sj  in  mervly  i,  with 
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its  two  eudii  turned  up  by  bonding  tho  middle,  which  allows 
the  Iine«  of  foroo  ooiiuoctlnj;  N  and  3  to  be  ahortouod,  tho 
nsuItiuK  flald  to  be  roduood  iu  area,  and  oonaequenlly  inoroaaed 
proportionally  in  tntenBity. 

lojj.  It  in  ItiKB  ubvioto'ly,  but  oqimlly  tni».  that  ji  Imrsoshoo 
annaturo  rotating  over  tbe  pol(^B  of  a  magnet,  a»  iu  Saxton's 
machioe,  or  aorooei  the  poles,  as  in  ClarWa.  autti  prooitoly  n« 
does  a  stnixbt  bar  ulectro-magnet  paesiog  botweou  thu  jxilcit,  a* 
in  thfl  Alliauou  and  utlier  machines :  thus  1  aud  4  di9«r  in  no 
way  in  typ-s  and  actitni ;  nor  do  tho  (Jlarke  and  Atlionco 
machined;  the  di&Dn.'nooit  relate  to  meobanioal  oooalruotion, 
and  to  the  mo«t  vfiMtlivu  way  of  taking  np  the  liuea  of  forou  of 
the  magnet.  In  all  thwo  furmB  the  action  is  merely  the  placing 
of  the  iron  uf  tlm  armature  in  fluob  position  as  will  conoontrato 
within  itit  own  miwm  an  much  oa  possible  of  the  external  livid  of 
the  magnnt  and  diniiniiih  its  independent  external  actiomi. 

10)  J.  Compottnd  Armataret. — Uue  stage  of  evolutiun  from  tho 

Fid.  68. 


mere  bar  is  a  radial  armature,  which  Fig.  8),  1,  shows  ia  merely 
a  mnltipUoatioQ  of  the  bora  of  Fig.  8J,  4.     Its  rotation  in  the 
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piano  of  tbo  poliot  NS,  iiiMtiMid  uf  ^cuk^h  them,  ait  in  tiio  Htk 
onuaturo,  i«  n  puru  mutter  of  (K>iiRtrii(;lioii,  aiid  tliui  givc«  ub 
ono  or  tbo  Luatin  mnehinee,  wliicli  is  built  of  ft  serJos  of  such 
ra(li»l  ByHtoms,  sliglilly  ovcrliijiping  cftch  otbcr,  ho  that  the 
Mil  is  trims fi^rreil  inlu  one  nftr  iinnthcr  of  the  collootion  of 
biLTG  whiish  coiifltitntva  the  comjilolo  m miitiirn. 

(O}^.  MttUijile  firW,— Auottior  step  cotubinwi  tbo  einglo  ring 
of  railial  bars  of  Fig.  fit,  tint  with  a  single  Held  magnot,  but 
wilh  an  cqtml  niiinbi.r  of  alternating  fiold  [wilus.  Wp  hnvo  then 
tlii>  rondifion*  of  tht-  Alliancp  tjTw,  different  n»  the  machiuos 
appear.  If  wo  bole  ut  a,  this  is  cvidi-nt.  It  if  of  no  GOiitio(iu«uoo 
ae  lo  theory  how  the  smrral  polos  N  S  of  the  fiold  magnst*  are 
njliital;  thoxo  at  opjiusite  points  may  comploto  tbo  horMshoo, 
and  then  the  two  nidii  of  tbo  armature  conetitnto  a  straight  bar 
Ix'twccn  it«  potoe.  Or  adjoining  polce  N  H  may  form  a  neparato 
Sold  magnet;  thou  tha  two  adjoining  radii  form  itn  armatuio 
^all  being  Hiipposed  to  nnitu  at  the  middle),  and  eonKtitnte  a 
borsoHhoc. 

lOj;.  ApparenI  Ring  Armalnreg. — Thia  leads  to  a  new  atago 
nf  cvolntion,  whioh  devolope  an  apimrontly  distiuot  typo,  etill 
doponding  on  the  same  principlos.  Wo  know  (S  toil)  that  a 
straight  bar  and  a  hor«of^hoQ  are  the  aamo  in  principle.  We 
take,  then,  onch  adjoining  pair  of  railii,  acting  as  a  uorscEhoo, 
and  ntraigbton  them  into  a  bar  armature  to  the  adjoining  poles 
N  S,  and  thnw  we  develop  the  three  bars  of  Fig.  qo,  %,  and  with 
thrco  more  addi^l  as  shown  in  dott«d  liuee,  and  then  eun-ing 
the  bars  as  also  eliown  in  dotted  lines,  we  have  what  Ioq1ci>  liko 
a  ring  armatnrc,  but  in  so  only  mechanically.  Electrically,  it 
is  a  hexagon  system  of  independent  armatures,  arranged  in 
pairs  BO  as  lo  divide  the  forces  of  the  field  poles  botwoon  thorn, 
and  fitrm  a  suocession  of  oo&seqnent  poles  in  the  ring  thus 
constituted. 

io)6.  This  is,  howover,  an  important  stage  of  tho  OTolutJon, 
for  it  is  the  basis  of  throe  machines  wholly  distinct  from  Mch 
other,  (i)  Fig.  9},  }.  as  rounded  off,  gives  us  the  principle  of 
the  Do  Moritons  innchino;  (t)  is  the  ariuatuie  of  tito  Lontis, 
f  lO}},  wilh  multiple  (iolUo,  and  in  it>i  hexagon  form  ;  (})  is  the 
clomentikl  ring  of  the  Utlr^n  machine,  ofton,  but  wronglj 
dtWTriliiAd  lut  u  coinpnund  (jramme  niacbiue.  The  fact  that  the 
Btirgin  nnniituro  is  cuustriiotod  of  a  continuous  iron  ring  is 
only  II  detail  of  nuuiufactnre  :  tboorotically  each  segment  m  au 
independent  bar-lDaencit,  fitting  to,  and  polarized  oy,  llio  ox- 
tromitiea  of  the  field  magnet  poles.  (})  As  a  ring,  and  lu  a 
OontinuouB  motal  core,  givc«  us  the  Brush  armature,  which  is 
rviUlj  composed  of  independent  electro-magnets,  and  in  so  for  ia 
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different  from  the  tmo  ooDtinuoua  tint;  °^  the  Qnnniao  typo ;  it 
Aot»,  bowovL^r,  approach  a  atago  further  towards  it,  by  a  ooq- 
tumul  interchange  of  b'ut>«0|^euU  sncccesivcly  building  up  the 
actual  bar,  and  by  rororting  to  the  bipolar  field  sy^tt^ni. 

io}7.  True  JIiDc/  Artnafnre. — Kt  the  next  Bta;{eof  evolution  we 

Sue  from  the  ajqiarent  riwj  of  Fig.  8  J,  J,  to  tbti  Irne  ring  of  the 
ramuiu  or  Pacinotti  tyjio.  In  all  the  prM^diuK  forma  inde- 
peudetit  poles  have  boeu  created  and  revi-raud  coinplotely,  and 
the  wire  of  each  segment  baa  its  indupendeut  alternating 
iiupulsea,  set  up  in  and  collected  from  it.  But  the  esaonoe  of 
tha  true  riug  in  that  while,  structurally,  tbe  iron  core  rotates 
and  tbe  iron  ia  continually  changing  ita  luagnetio  atate,  the 
true  eon,  the  receiver  of  the  lines  of  force  of  tbe  field  magnet 
ia  stationary.    This  armature  ia  studied  S  1066. 

10)6.  The  5i«Tn«n*  <irum  armature  rotiembles  tbe  Gramme  in 
this  reepect ;  in  it  also  there  exists  a  stationary  magnetism  in 
tbe  internal  tuaaa  of  iron,  produced  by  the  induction  of  the 
fields  poles:  wu  may  compare  it  to  Fig,  8],  j,  and  conceive 
that  tbe  wire  of  the  drum  alone  moves  in  the  apace  betiveen 
the  polod  of  tlio  field  m&gnet  &tiil  tlioao  of  tho  induood  armaturo, 
S  io6j.  J. 

to)^.  Wirtt  atid  Mn^nelt. — This  brings  us  to  another  lino  of 
evolution  which  appears  to  bo  distinct,  and  vet  is  of  the  same 
order.  The  action  of  wires  crossing  lines  of  force  appears  to  be 
of  a  diffeient  uatuiu  from  that  of  wiroy  wound  upon  a  bur  of 
iron  temporarily  magnotij;ed  ;  but  tbe  currents  produced  in 
both  cases  are  due  to  tbe  al<sorption  of  external  energy,  and  to 
tlie  rearrangement  of  tho  molecules  of  the  wire  while  adapting 
tbemsolves  to  the  lines  of  force  whioh  they  momentarily  occupy  ; 
the  diflorence  is  that  in  ono  case  tho  wiros  form  part  of  the 
magnetized  system  itself,  and  in  tho  other  they  tompororily 
form  part  of  an  independent  systom. 

1040.  Jfo  parliele  0/  matter  i»  tjidcpmifnl,  and  this  is  a  foot 
little  dwelt  upon,  but  of  such  imnortanco  to  all  trao  thought, 
that  it  should  be  thoroughly  rDBiizod  and  firmly  grasped  by 
the  mind.  Kothing  exists  for  or  by  itself;  ovory  atom  oif 
natter  is  in  the  place,  and  under  the  conditions  it  occupies, 
Ma  result  of  the  sum  of  tho  variona  forces  which  ioUnoncc  it. 
This  is  most  wonderfully  evidoncod  by  tho  Jnfinitcsimatly 
I  instant  changes  which  we  have  been  enabled  to  traco  out 

I  in  many  forms  of  matter,  as  roEulting  from  rapid  intermittence 

^^     of  light  and  heat. 

^H  Thus,  iu  a  wire,  each  mnlocnic  is  constitatod  of  two  atoms, 
^^K  held  together  (probably  through  tho  agency  of  polar  forces 
^^L  oorreepoudiug  to  those  of  magnetism,  and  commonly  attributed 
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to  differential  cliargee  of  +  ^i^^  ~  electricity)  by  the  force 
called  "  chemical  afBulty  "  or  attraction,  wlticli  foroe  ib,  na 
ebowu,  g  635,  oloeelv  related  to  oleotromotire  foroe.  The  mass 
of  the  wire  is  held  together  by  similar  forces  of  luolecuUr 
attraction,  cryetallisatiou,  and  cohesion.  All  these  forces  imply 
euergy  stored  in  the  matter,  and  they  are  modified  from  moment 
to  moment  by  heat  and  other  cxteiiial  furcee, 

I7iE  acttutl  arrangement  of  the  parlicleg  of  the  wire  u  the  comhined 
result  of  all  lhe/iirce»  injliteneiny  Ihem. — These  ]iar Li olee  are  simply 
in  a  condition  of  cquilibrinin  liable  to  instant  change. 

1041.  Such  a  change  ocours  the  moment  these  purticlesentcra 
"  field  ot  force,"  the  energy  of  which  is  churgod  upon  them,  »nd 
introdncea  new  conditions  of  balance.  The  excess  of  force,  tho 
new  stresses  set  up  against  the  prO'Oiisting  forcos,  involTe  ao 
expenditure  of  energy  in  effecting  moleonlar  changes,  and  wo 
have  the  conditions  doscribed,  §  6o5 ;  the  pt^tentinl  energy  of 
the  linee  of  foroe  iu  the  field  Ijocomcs  kinetic  in  the  wire,  ftud 
therefore  develops  E  M  F,  and,  by  effecting  motion  among  tho 
lUttloQulect  of  the  wire,  gcueratee  aa  electric  current,  according 
to  the  arrangement  of  thotiu  molecules — the  number  of  conducting 
oluiius  which  they  can  constitute,  %  ^G^. 

Therefore,  in  order  to  generate  a  current,  the  wire  must 
tnivcrse  a  field  iu  such  a  manner  as  to  continually  change  the 
nrriiugemeut  of  its  uoleoiiles  among  themselves,  and  their  rela- 
tion to  the  sum  of  the  aetions  osert'^d  npou  them ;  mere  motion 
in  a  field  may  produce  uo  effect  whatever. 

10^1.  When  a  bar  magnet  is  inserted  into  a  ring  of  wire 
carrying  a  current,  a  reaolion  occurs  between  the  two  fields 
which,  if  concordant,  tends  to  imite  there  into  one,  and  lo  place 
the  two  centres  of  the  fields  together ;  if  discordfint,  that  is  if 
the  lines  of  force  are  not  iu  the  same  direction,  a  sort  of  conflict 
oocors  for  the  possession  of  the  matter  iu  which  the  lines  of 
foroe  eoust.  In  the  first  case  we  have  attraction,  and  tlie  ring 
of  wire  movcB  to  the  middle  of  the  magnet,  iu  the  other  we 
have  what  is  called  rejtuleion.  The  current  in  the  wire  ia  also 
either  increased  or  diminished  during  the  action,  §  1050. 

104J,  When  a  bar  magnet  is  inserted  into  a  ring  of  wire,  not 
occupied  by  a  current,  it  sets  up  a  momentarj'  current  therein, 
opposite  in  direction  to  tht  proper  magnelitin-j  eurrml  0/  the  har  ; 
a  mechanical  resistance  is  experienced,  and  the  ring  ia  for  tho 
moment  repellod :  these  actions  are  examples  of  Lena's  law, 
i  950.  But  it  is  not  enough  to  quote  a  law,  we  should  realize 
what  is  the  cause  and  tho  procees :  the  wire  becomes  a  part  of 
tho  fftemal  fiold  and  tines  of  tho  magnet,  and  has  to  arrange  ttJ 
aoltxalea  aooordiDgly,  as  b1iov.-u  Fig.  jt,  fi.  S9,  while  a  magnet- 
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ising  cnrr«nt  is  part  of  tho  intermU  linoe,  hq  intogral  part  of  tlie 
magnet,  and  its  moleculen  aro  ntngod  to  correepond,  as  in  Figs. 

74-75.  *  95'- 

1044.  To  make  these  mntnal  reactions  intelligible  it  may  Im 
well  to  derelop  a  little  tbo  considerations  prosenied,  SS  9*4-55. 
In  Fig.  71  we  have  a  seotion  of  a  cnrrent,  sliowiug  radial  liiios 
of  foroe,  npoii  whicit  magnets  place  tbemselvtis  taugeDtiallv ; 
thoee  radial  Hues  may  jiKrhaps  be  retarded  an  aectiuus  of  tha 
lines  of  ntAtic  eluotno  induction,  apnuging  from  all  parte  of 
the  circuit  towards  all  oth«r  parts,  and  resolving  themselves 
into  a  shouth  of  lines  of  Matio  stresH,  parallel  to  the  conductor. 
Uogaetum  and  electricity  are  rulattid  to  each  other,  their  plunos 
or  ItDM  of  polar  order  and  furce  being  at  right  angles  to  oach 
oUier,  S  I  JO-  Wo  may,  therefore,  ex()6ct  some  maguetio  force  to 
exist  at  nght  anglus  to  tlie  lined  of  conductiou,  aud  snoh  exists 
tn  the  form  of  rings  surromiding  the  oonductor.*  Not  only  do 
nagtietto  noudles  plAce  thi^msclvee  in  these  rings,  but  tho  rings 
themselves  may  Ini  mudu  visible.  If  we  pass  a  current-carrying 
wirv  tiirough  a  eurd  on  which  iron  lUinga  are  sprinkled,  and 
lap  the  card  lightly,  the  filings  arrange  themselves  around  the 
wire,  thinning  away  as  distauoe  increases ;  they  are,  iu  fact, 
temporarily  maguetixed  aud  unite  lougthwttie  to  form  olosad 
rings  around  the  wire  in  the  lines  of  wiual  magnetio  force.  It 
■bould  1)0  clt^arly  unJuratotxl  that  thew  rings  have  no  polar 
actions  or  attractioDs  ;  thi.'y  reecmblo  a  dusod  steel  ring  whiuh 
may  bo  atrongly  maguulisMd  yet  have  uu  apparent  magnotiain, 
hetoaiiM  it  ts  a  t'onipb^toly  cli>seil  field  ;  ut  every  iwctiou  thura 
ia  an  oijual  N  and  S  pule  existing  and  combining  (og«it)ier.  It 
is  true  that  a  piet^u  ot  iron,  etich  as  a  filing,  enters  the  ring  aud 
does  then  prwHuM  two  poK-e,  liocaunt-'  its  capacity  is  greater  than 
tliat  of  thonir;  hut  tlit«o  polus  utv  purely  uiMin  the  nn^,  they 
exert  no  uxtornnl  uctiona  Ix-uituso  thu  iron  is  not  an  iudepeuduut 
magnet,  but  only  a  ]>iirl  of  tlio  external  lines  of  the  wire  and 
thereforu  its  ]ki1os  nm  n^lnt^d  unly  to  the  wire.  Fig.  84  is 
intended  to  convey  tbiit  iilua  of  Jt  conductor :  t  is  a  perspective 
view,  A  lioing  tho  conduolor,  and  the  aiTow  sliows  the  direotiou 
of  tho  current.  B  and  0  are  two  rinc^  of  mnguetio  force  con- 
•In ting  of  molecules  polarized  under  ^ngitudinal  forces,  showD 
by  the  dotted  lines  connecting  tho  oiiolos  B  C,  tlteae  lines  repre- 
senting tbo  stresH  dne  to  difference  of  jiotoDtial  set  np  in  tha 

'  tt  •houlil  b«  DDtcd  thil  tliti*  kaaua  itrttt  ijiiai,  loiigitaillnil  Mi<l  elrcnlar, 
irratixl  h«r*  m  wu  uaiTgrMilU  b<li«TvJ  till  rvcfalljr,  u  tvunUd  tnta  llie  wir* , 
arc  now  lusd  u  Iho  hj^Kjlhctital  igonU  for  tno^fr  ofttMiZJ  ^  ^^''  ''''"  '"^ 
proJucUnn  o(  camnt  >n  tho  wire  la  Ihv  [«4iido-<>rtliodai  theoijr  fubioubU 
amviis  Iha  I'rofcuor*,  J4CG. 
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poUrizcd  chains  oonatitutiid  l>j  Rtatio  electno  isdnction  of 
wliicli  one  chain  in  abonm  conuGt-tiug  t]io  riugs.  Fig.  17,  p.  S4, 
reiireeoiits  oii«  of  the  moleonks  iu  such  chains  iougthwise, 
Willi©  tli«  horixoDta)  arrows  ehowH  its  magnetic  line§.  The 
otiioT  yarta  of  Fig.  64  are  sectional  views  showing  a  ring  B  0, 
of  wliicb  2  Hbnws  the  molecular  constmotiou,  and  j  conveys  the 
idea  of  tho  lirifB  of  nmgiietic  ounslitutiou. 

Pio.  84. 


■^ 


1045.  A  c](i6e(t  inagnetio  ring  wLcn  eat  Across  nuuftttfi  tme 
polee  at  whidi  the  forMs  are  cou  centra  ted,  and  a  BJmitar  effcot 
cnn  be  pTodii<'«d  on  the  circular  Vmen  of  force  nronnd  the  cuD- 
diictor.  This  liapiK'Us,  iu  fact,  when  a  wiie  is  wound  into  a 
Iiciix,  forming  n  Berios  of  wires  aia  l>y  side,  as  is  shown  in  Fig. 
85:  this  is  no  tuenj  faucy,  the  iron  filings  prov<t  its  truth  if  wo 
poes  Bttveml  wires  side  by  side  through  n  cnrd  as  before.  Fig  S5, 
I,  shows  the  conditions  of  a  single  ring  of  wire,  the  unit  turn  of 
B  holix^in  fact  it  is  the  conduotor  A  of  Fig.  84  turned  into  a 
ring  so  as  to  bring  all  ita  lower  side  into  the  inner  part ;  then 
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it  is  evident  that  all  its  rings  of  forco  icnd  In  the  one  direction 

internally, and  in  the  omnmitc  direction  externally  :  the  internal 

arrows  show  thi^    nmultnnt   magnetic  action,  uh  though  these 

rhiga  of  foroe  constituted  an  iuteniil  ^oiUx. 
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toi^.  A  series  of  rach  riuga,  placed  siJo  1>y  side,  is  shown  in 
Tig-  Bj  i»  Tdrtical  flectioii  at  2,  which  Toprcecntti  tho  farther  or 
len>tiMi(l  Hido  of  the  riu}^  as  looked  at  across  tho  interior.  It 
shfliihl  ht:  iioti^d  that  the  obau^^e  in  direction  of  the  smalt  arrowa 
fhiin  tlicjM  of  Fi^.  84  is  the  result  of  lookiiij^  at  Uieui  from 
oppoaito  nideH,  and  in  evident  iu  all  throe  povtiotia  of  this 
fignre.  In  j,  wtiioh  in  a  horizontal  section  of  the  helii,  we  see 
that  thp  circular  Un««  of  force  of  tho  adjoinini;  wires  confliot  ad 
they  entcT  each  other,  aud  are  therefore  brakeii  up  into  their 
inlonml  and  uxtcnial  lialvc«,  which  then  unite  to  lorm  lines  of 
forco  alone  ttie  whute  of  tlto  wires. 

1047.  Pig,  86  uliDws  how  different  ways  of  ivinding  wires 
bring  thwv  priiicii>tva  into  action,  aud  it  should  he  cumpared 

Fia-  S9. 
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with  Fiys.  74  and  75,  S  9^1,  which  deal  with  tho  same  snhject 
in  a  different  manner.  1  is  a  ri^ht-handed  hi^lix  in  which  tha 
current  gives  S  magnetism  inside  it,  in  aoconlanw  with  tlm 
following;  law:  Aeurrtnt  iiwvmy  a»  Ihf  hand*  of  a  icaUh  ijiveii  smiOi 
polarili/  Ml  lite  side  from  which  it  w  looked  at,  and  vice  vcr*d.  It 
also  givos  N  polarity  on  its  outside.  A  left-handed  helix  im 
ahowu  at  a  with  tho  current  rerened  in  direction  so  as  to  give 
thesune  polarity  ns  i,and  it  therefore  really  rcprtsenls  the  wiro 
of  I  continued  tu  ho  wound,  outside  the  fir>.t  layer,  in  the  return 
direction.  In  this  way  it  is  evident  (hat  the  euiTent  is  reitlly 
running  I'n  thf  »ame  liirMiim  in  all  the  mm  tekieh  run  in  the  tame 
dinetion,  so  that  all  tint  indu(-tiv>!  iictiuus  are  united. 

104S.  These  lielii'L«  aim)  show  how  such  a  rererse  winding 
upon  compound  arinaturen  of  any  of  the  forms  of  Fig.  3},  hrings 
all  Uio  alternately  reversed  actions  of  each  segment  into  0. 
onrrent  of  ono  direction  throughout,  so  that  on^  one  pair  of 
commutator  springs  is  needed  to  oolleot  (he  alteniato  ourronU 
into  ono:  hut  such  a  oommutntor  would  require  as  many 
altcinating  strigui  its  there  aro  «cctIons,  in  order  to  ollbct  thfl 
changf  as  each  pi'lnr  change  of  inn^icliian  occurs.  Sucti  a 
comniutntor  rc60mbl(«  that  of  tbo  I'ixii  uiachino,  §  loi  J,  hi'ing 
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oompoiied  nf  a  pairof  oyiintiera  with  alternate  epaces  cnt  away  bo 
aa  to  conBtitutu  a  crown  whtol  with  a  lootlt  for  each  wagnet 
polo,  BO  s]iftcoil  that  the  two  can  interlap:  the  oylindera  are 
connected  to  tlie  wire  eniia  and  Sjirings  ureeeiug  ou  tliem  take 
the  carrenta  always  of  une  direction  to  the  teiiuiuals. 

In  maohines  of  the  Siemens  core  type,  §  '055)  needing  only 
two  scgDientfi,  the  teeth  beoonie  half  cylinden,  wltioh  are  so 
formed  that  thu  division  is  Blightly  diagonal,  as  shown  at  C, 
Fig.  9)  ;  thie  avoids  oumplcto  hreak  of  circuit  and  diminishes 
btirning  by  epurka. 

1049.  In  §  1 044  ami  Pig.  64  it  is  shown  that,  aa  a  conseqnenoo 
of  linear  electric  stress,  thiire  aro  formed  rings  of  magnetic  order 
at  right  angles ;  then  we  must  expect  from  the  normal  rolations 
of  electricity  and  magnetism  that  lines  of  magnetic  stress,  snch 
as  are  formed  in  Iho  ma^etio  field,  should  be  attended  with 
rings  of  electric  ])olari nation  forming  Bections  of  the  field  :  thia 
is  the  effect  shown  in  Fig.  ji,  p.  89,  and  in  Fig.  77,  §  gjj  ;  then, 
treating  the  electric  ttresa  a^i  being  the  active  cause  of  tha 
differential  arrangement  of  the  +  and  —  ends  of  moleciilea, 
the  electric  rings  must  consist  of  molec\)lcB  end  to  end,  while 
the  maguetio  rings  consist  of  molecules  side  by  side,  with  the 
electric  lines  poising  through  them.  It  is  cteeirable  to  clearly 
realise  thia  now  in  order  to  trace  the  action  which  ocoun  in  a 
vire  when  it  enters  a  magnetic  Bold. 

Vio.  87. 


1050.  Fig.  B7  refirowMits  a  bar  magnet  NS  with  one  of  the 
ringn  of  cleotTostatio  order  formed  on  the  lines  of  force  issuine 
firom  it*i  north  jiolo.  0  is  a  conductor  carrying  a  cnrreiit,  swell 
M  the  ring  of  Fig,  85,  ),  and  nhowa  bow  its  magnetic  linos 
agree  with  those  of  N  H,  the  result  of  which  is  to  druw  the  wire 
to  tho  middle  line  of  the  magnet  where  tlie  sum  of  the  agroo- 
k  nentfl  is  greatefft :  in  these  conditions  the  current  and  maguet 
I     jdSU),  S  IQ43 ;  the  space  wittiii  tha  wire  booomos  part  of  tho 


I05J.] 


Acnon  IX  Winn. 


Md 


BBKnet,  and  tho  return  lin^H  of  force  are  deflected  to  the  oiit«d« 
cf  toe  wire  wb^ru  they  iiIko  agtvo  with  ita  lines.  But  if  tboie 
wen  no  current  iu  C  a  iliffcj^ait  set  of  conditions  would  come 
into  plftT*  Tbo  full  fivld  uuinot  Ixt  <lr&wu  ho  as  to  be  iulel- 
ligible,  bat  &  Uttlo  Aoiiiiiilcrotion  will  iihow  tbat  the  apaou  is 
flffed  with  suob  oirclM  «t  that  shown,  of  nil  diomoten ;  Uii-refore 
Iho  wiro,  as  it  approttcboii  tho  jicile  X,  will  ba  oontiuuully 
eut«riug  fi-Gsh  drcl<«,  with  thoir  tnagnctlo  lines  in  different 
directi^jiiH,  MO  tliAt  itn  motociilts  will  be  solioittxl  in  coiistiintly 
ebAaging  diroctions  in  or<li.'r  to  accoinmo<lato  tbeinjulvL's  to 
theM  ohanglnK  conditions,  with  tlte  result  shown,  $815. 

1051.  In  Pigs.  8S  and  6<}  wo  can  koo  what  hapfHins  when  a 
wire  cnmiKwi  thi>  lines  of  force  of  a  m^net.  In  Fig.  83  we  h»ve  a 
Tertical  wction  of  the  field  between  the  poles  of  a  horsvshuv^  or 


Via.  8S. 
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thoMt  of  a  ilyniuno  mnoliino,  showing  the  /i'ti«  of  magnetic  forOB 
and  Uio  rciRiilting  olcctrie  ringt ;  Fig.  85  is  a  sectiou  of  tbo  same 
fielil,  iu  which  wo  can  ifuu  what  occurs  in  a  wire  traversing  it  in 
tiiodin-ctionof  tho  arrows:  us  it  occupies  the  several  vertical 
diiltwl  lin.i!,  it  ciitu  cirolo  after  circle,  in  each  of  which  there  is 
dift'urent  anculHr  roUtiou  to  the  wire,  which  would  result  in  a 
rotation  of  Uio  nmlocnles  in  a  spiral  lino  around  the  wim;  hei-u 
we  haw  tho  oxplanatiou  of  what  occurs  in  armatures  of  tho 
Gramoio  and  Siemena  ty^ois. 

1053,  Such  M  field  between  two  polos  may  be  regarded  as  a 
bar  uuignot,  without  return  or  external  lines.  Therefore  when  a 
belix  occupies  tho  field  its  wires  correspond  to  the  several 
oircU-A  shown,  and  the  niolectili-'s  muat  form  a  continuous  chaiu 
ooTTOBpondine  to  these  circles,  and  in  taking  up  that  position  a 
rrimilar  spiral  rotation  is  necessary. 


490 


nacTKo-MAQHrnsu. 


[105  J. 

If  tio  helix  contuns  ad  xraa  core  tt  mnerntntoi  tlio  Unea  tl 
force  moro  speedily  and  ■uor«  compIeMy,  m  thnt  Fig.  66  •boa* 
ae  irhat  cx^mn  in  aniMtTires  of  th«  tjM«  of  Fig.  6j. 

If  wp  consider  U)«  action  of  a  ring  acMmdiog  vertically  npon 
N  wc  have  a  modiScatton  of  S  1049.  and  amoro  fall  )d«a'of  di* 
action  oa  tht>  wire :  this  is  shown  at  C  as  antn  a  epiTsI  tolation 
of  the  molaealcs,  nsiiltias  tVom  their  rolatioDa  to  the  dia«T«&t 
circles  into  iritidi  th«  different  [larts  of  th«  wire  «nter. 

105).  CrgKCTT  u  A  Spikal  HounjUR BoTATioii. — TlwaetioDB 
thus  presented  indieste  that  eileetrio  cnmot  is  not  propacalad 
in  a  £rect  li&e  almg  th«  eoodiictor,  bat  in  a  spual  ronnd  the 
wndietor.  see  $  912.  Saoh  a  sptnl  progress  of  apparent  linear 
notion  is  fonnd  in  other  caacs:  m  a  rihnb'ng  mot&l  rod  ^ving 
OQt  a  masica)  notev  a  loose  nag  of  paper  cotnes  to  rest  on  the 
nodal  points  of  the  Tifaratioos,  and  th«aa  fionn  a  spiral  line 
aroond  the  bar;  the  phenonwna  of  polarised  Keht  indjoate  that 
the  nndvlalions  take  )>Uca  in  all  raaiun.  which  commoDda  to 
a  spiral  projiagatton,  jnst  as  a  coikiCTCw  looked  at  edgewajt 
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appcan  as  an  nodnlatar  line  and  b  really  sod  an  andalatkia  in 
all  1  Janes.  Professtir  Ho^ei^s  esaamalioiia  of  tbs  pfa^nMena 
of  magnstisBi,  indicate  tne  eoislesM  of  this  apinl  atolcealv 
arrangeownt,  rather  than  a  direct  linenr  polar  otier  of  Ifae  Bole- 
cnles.  The  rab^rct  is  not  ripe  for  -nrj  definite  oyiiniaM^  bat  I 
oSu  Fig.  90  w  iniggrAiiTeu  Aasonuni;  that  a  **  positiTe  '  enrakt 
implies  a  riflht<hi^ed  rotation  in  the  win.  we  have  an  ob«iam 
cause  for  the  directMo  of  the  nta^neCie  ctrtdes  ooctt^ocding  to 
it :  for  this  pwpose  it  b  of  no  monent  whi^  may  be  the  aetnsl 
dinetiao  conwsponding  to  the  +  cvneat.  becasM  oar  nakii^ 
the  point  of  tM  antnr  CBrramod  to  N  magnetiiB  is  pnriy 
arbitniy. 

ByrafcnwwtoFig.  86it  wtDb**eenlhat90^i  and  3,ai«tfa» 
front  tnnH  of  a  ri^it^andcd  beUx  with  the  eamnt  in  the  two 
dtreetians.  while  j  and  4  are  the  same  for  a  lefkhnnded  ' 
I  and  4  aJbo  ahow  why  a  right-banded  helix  b  the  ansa 
as  a  Mftbaaidcd  bdix  at  t^  c4heT  end,  with  euivnt : 


loj;.]  jtcnoHs  op  nan  mavm.  491 

and  thcraforo  tho  Hnmo  musnAtic  actions:  a  and  j  show  tlw 
flune,  AS  they  aro  oxnctly  Miko  «zccpt  that  th«  bo({iiinin(t,  or 
loagfir  ond,  U  oxctumgod. 

1054.  TiiE  Fiw.i)  M.wwirw. — Thpiw  aro  now  made  in  a  great 
Tarioty  of  forms,  some  loiig,eom«  M)i<>rt,Hom(<  straipibt.  ntid  Hoinfi 
otirvcdj  all  thU  rfilatva  to  detail*  of  conntmction,  VMrmlilo 
witli  tho  ideaa  or  tho  fancy  of  Hiu  maker,  but  they  aro  all,  in 
prirci]>lo,  horscBhoo  macnotii.  In  tho  parly  machinoa  with  nini 
magiiota,  tlioy  wpto  of  too  Bimplcst  fonn  ;  later  on  douhle  horso- 
fihoPN  forming  common  polca  in  tho  middU  were  geDerolly  em- 
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ployed.  Fig.  gi  allows  the  naaal  Grammo  typo,  and  Fig.  9a  the 
form  ompltiveil  by  Sieinena, 

The  single  boret-slioo  fitlrKi  with  polo  pioco«  is  now  most  in 
favour,  and  aonietirtn-s  it  is  nmniiiud  witli  its  pole  piece*  down- 
wards in  tho  iioigUhnarhotHl  of  a  maiuiivo  bam  plate  of  iron 
which  ti-ndd  Ut  draw  tlio  lin«  away  fttini  tbi'  nrmatTiro.  Tho 
bam  pliil«;  way  projiorly  form  the"yolto"  <if  ihi!  luagnot,  tui  the 
linwt  of  foroo  do  not  iasuo  there,  but  no  iron  onj^ht  to  licnllowod 
in  the  vicinity  of  the  poies.  and  more  espeoially  it  onght  not  to 
bo  noar  Iwtb  [xjli-a.  It  would  appear  that  iho  double  horHOahoo 
olFigH.  91,  91,  should  concentrate  the  Geld  ui>on  tlio  amiatiiro 
itpni-i;  liftllor  than  the  single  form  of  Fig.  98,  but  the  cost  of  con- 
Btnintiou  may  be  (greater. 

1055.  Actios  of  Fielh  Maonets. — Oue  of  tho  principal  clo- 
ineiits  of  the  E  M  F  of  machines  is  the  "  intt-nnity  of  tho  field," 
the  numbor  of  "iines,"  §  964,  traversing  the  armature  xpaRC. 
difloTont  KystuuiB  of  supplying  the  field  magnoln  aru  I'inploycd. 
In  tiie  origiual  machiuos,  with  permanent  nagnda,  thix  Klcnirnt 
is  comparatively  filed,  and  tnerefore  the  K  M  F  giiionit<>d 
diipenda  uihiii  its  other  element,  the  angiular  velocity  of  t)io 
ftnt)atun>,  or  the  rate  at  which  the  wire  ttnveratti  the  lines: 
tbcrefoie  iu  any  given macJiine  of  this  type  tlie  EMF it^mpjr- 
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tio7tal  to  tlie  speed  o/rolation,  bo  long  as  tho  istODsi^  of  the  field  is 
couaUnt.  Tho  same  law  applicB  to  electro-magnets  fed  by  an 
iudependent  aourco,  anoh  as  a  separato  machine,  or  a  distinct 
armature.  Tliia  last  plan  is  not  qnite  so  regular  ae  the  others ; 
because  the  field  iua)^ct  i§  itself  modified  by  the  reactions  of 
tho  armature,  as  are  its  several  relations  to  two  or  more  arrna* 
turee.  Even  with  permanent  magnets  a  disturbing  action  occurs  : 
[loles  are  induoea  in  the  armature  by  tie  fiehl  magnets ;  in 
Miinia  formB,  polarities  are  also  induced  by  the  current  iu  the 
ArmaturoK,  and  this  varies  with  the  external  resietunce:  such 
ciiuses  modify  the  intensity  of  the  field  in  practice.  In  the 
ordinary  machines  llie  coudilious  of  the  field  are  oontrolU-d  by 
different  modus  of  winding  and  of  distribution  of  tlio  feeding 
current  as  explained  S  1076. 

1056.  Ditplaecment  of  the  Field  Polet. — The  axis,  or  direction, 
of  a  magnetiu  field  of  force,  is  of  course  tho  straight  line  lielweeu 
the  poles,  and  tho  central  polar  focus  of  »uch  magnets  as  Figs. 
98,  5J3  is  obviously  the  middle  of  the  iron  ;  but  this  is  no  longer  ■ 
the  case  when  n  rotating  armature  in  in  the  field.  Two  actions  ■ 
then  occur,  which  distort  the  normal  conditions,  (i)  The  wires 
tliemselvee,  carrying  currents,  have  affinities  witli  the  lines  of 
force  iu  the  field,  and  act  U|jou  them  just  as  a  moving  body  does 
upon  a  Ii(i<iid,  so  that  tho  hues  of  force  instead  uf  lying  m  the 
normal  position  of  the  field,  are  drawn  aside  iu  the  direction  uf 
rotation,  (j)  The  iron  of  the  armature  does  not  attain  full 
magnetism  until  it  has  passed  the  focus  of  tbe  pole,  becatisu  it 
takes  time  to  magnetize,  §  1011.  But  the  pole  formed  in  the 
armature  attracts  the  field  pule,  and  aa  the  polar  jiositiou  is  not 
fixi.d  in  a  mass  of  iron,  S  1 50,  the  field  pole  itself  follows  the  arms* 
ture  pole,  and  the  polar  line  of  the  field  magnets  is  no  longer  sym- 
metrical, and  at  right  angles  to  the  lino  of  tlie  magnet,  but  is 
drawn  forward  in  tbe  direction  of  rotation  of  the  armature,  as 
shown  Pig.  9i,  %  1039. 

1057.  As  a  conscijuonoe,  the  neutral  points  of  tho  amiaturo 
itself  are  no  longer  on  a  central  lino,  but  itrv  moved  forwanl  in 
the  direction  uf  tho  rututiuu  to  an  extent  variable  with  tlio 
currents  passing,  and  aUering  external  rusistunoes.  Thin  neutral 
point  is  that  ut  which  no  EMF  is  sot  up  in  llic  wire  occupying 
it,  a:id  therefiiro  it  is  tho  position  at  whiuh  the  collncting 
brushes  must  l>o  set.  If  the  brushes  are  on  either  aidu  of  tho 
neutral  point,  the  local  EMF  sets  up  cnrrvnte  resulting  in 
sparks  at  thu  brushes  ;  a  oertuiu  amount  of  "  lead  "  lins  there- 
fore to  bu  giveti  to  the  brushes,  anil  a  power  of  adjustment,  by 
moving  on  an  axis,  to  oompensato  for  changes  in  the  neutral 
lino. 
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The  proper  poHittiiu  of  tlie  liraahca  is  a  principal  lUntincTtign 
betw»oii  (Iviiikuiic  gtiuor&tort)  and  moton,  &s  in  the»u  Utter,  the 
current  bein^  iiut>]iU(Hl  fmiu  without,  sets  np  un  ontirely 
different  reoolion  butffueu  the  poUr  positJODS  of  tLo  field  uid 
armatar». 

1058.  SiEHBKft*  CoitB. — Tbifl,  mentioned  S  1019,  w  oliown 
PigB.  9},  94 :  A  i«  a  solid  soft-iron  maea.  of  a  BOctioii  R-euni- 
bling  tliat  of  nn  H  girder,  wilik  the  faces  tumod  down  to  urea 
of  ■  circle.  It  is  now  gonorally  built  up  from  thin  Hhoet  iron 
punched  to  tho  proper  shftjiti  and  strung  npon  an  axis  fittud 
with  a  shoulder  near  one  end,  wid  a  screw  nut  at  tho  other  lo 
pTMB  the  shocts  together:  if  tho  stampings  are  mado  with  one 
rad  only  of  tho  form  shown  in  Iho  middle  of  Fig.  54,  and  strung 
alternately  on  tho  spindlo,  there  will  bo  air  spaces  formed  in 
tho  polos  which  keep  tho  armature  cool  without  much  affeoting 
the  magnetic  cajmoity. 
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The  wire  is  wound  longitudinally,  aa  shown  in  section  in  Lho 
middle  of  Fig.  94.  The  coil  may  be  covered  with  a  sheathing  of 
wood  so  as  to  form  a  solid  smooth  cylindor,  with  grooves  in  th6 
£aootooontain  fastoniugs  to  hold  tho  wood  in  its  plaoo.  On  the 
ends  of  tho  armaturo,  brass  pintos  nro  securoly  soron-od  to  form 
the  aiis of  rotation,  nud  carrying  at  onocndp.tno  driving  pulley, 
itod  at  the  other  end  tho  eommutator,  e.  This  consists  of  a 
ovlindor  of  ebonite  fixed  upon  the  axis,  upon  which  are  secured 
toe  two  halves  of  a  gun-metal  cylindor,  cut  diagonally,  aa 
shown  ;  tho  ends  of  the  wire  of  the  armature  are  lad  through 
the  end  pieces  and  secured  to  these.  Frequently,  one  of  the 
oonnoctiug  pieces  is  fixed  to  the  axis,  and  one  end  of  tho  wire 
to  tho  armature  inateod  of  isolating  both.  Springs  like  «,  fitted 
with  a  turned  pad  of  steel  or  other  metal,  press  upon  the 
^lindor,  and  take  up  tho  current,  or  bruahea  of  wire  may  be 
used. 

105^.  The  Siement  eon  is  used  in  a  varie^  of  tmalt  moton, 
•omotimes  with  iiermnnout  field  magnets,  and  sometimes  with 
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QloctTO-mnznote,  and  a  Hliaht  (ihjingo  of  fnnn  is  considcrod  to 
improve  tbo  ft«tioii ;  iiither  thti  (icld  spjtco  is  changed  by 
allowiiig  each  pole-piuc6  to  partly  ovorUji  the  circle,  or  tlio 
core  it«eir  is  miwlo  aliglitly  elliptic;  in  oithor  wiiy  a  gradual 
ttpproach  is  mnil«  by  tlie  anottturo  inuteail  nf  ilu  at  oncu  i;utuiiig 
clvBo  lip  and  inaiot'jtitiiDg  a  constant  spnoe  betwevu  tba  Uooa  of 
uruiatiirii  atid  field  poles. 

1060,  The  field  magnet  pole-piecos  only  are  shown  in  Pig.  94  ; 
a,  n,  »ro  two  bloolw  of  cast  iron  of  swoh  length  a»  may  ho  rtw 
ijiiiiwl,  Bopariitud  by  blocks  of  wood  or  other  non-aiugnotio 
HiibsUnots  and  boltod  together  by  bras«  or  copiier  fasteiiingn  ; 
IV  cylindrical  ojiouing  is  horod  through,  in  whioh  the  armature, 
Fig.  9j,  rotJittis.  At  the  proper  intervals  thero  «ro  Inga,  w 
Hliown,  to  which  >iru  to  Iki  Imlted  the  setuikl  rnHgnots,  vithur 
iitecl  or  soft  iron,  ua  refiuired :  n,  n,  form,  in  fact,  tlic  iMjluti  of  u 
oonipnund  magnet,  and  may  be  made  in  separate  piocea  fur  oach 
inagTiot ;  all  surfaoes  iu  contact  with  the  tniu  maguot  beiiit; 
Htrefully  faced  sn  ub  to  secure  a  large  surface  contact. 

1061.  The  Orammc  niachine  was  the  fintt  practical  machine 
with  a  (rue  ritiij  armature,  i  8^^;,  the  prlneiiiul  ilistiucttou  of 
which  ta  tliAt  it  rumishos  11  um/oi-m  and  eontlanl  current  in  one 
ilirc'iion,  while  others  give  iuterimtteut  and  alternating  uiirri;uts, 
whieh  have  to  bo  arranged  by  the  commutator.  Thu  ruason  is 
eoaily  soeu ;  iu  the  earlier  machines  tho  wire  iu  wliioli  the 
ourreut  is  set  up  is  constantly  ult^riug  its  positiou  in  the  field, 
and  is  fts  d  tohoU  subjected  to  a  growing  arid  diminishing 
action  in  two  opposite  directions,  hunce  the  E  U  F  set  up  is  of 
(A«  nature  0/  a  sueeesston  0/  wavet  ulternately  rivicg  above  and 
below  the  zero  line,  S  496 :  and  the  current  rusitmbles  the  stroam 
set  up  by  strokes  of  a  pump.  In  the  Qranuue  machine,  although 
meh  part  of  the  wire  is  constantly  changing  its  relation  to  the 
acting  magnetic  field,  t/et  tlie  icire,  as  a  uhuU,  never  ohwigos  its 

I  relation  to,  or  position  iu  the  field :  hence  the  indnotivo  ooii- 

I  ditioDS  set  up  are  constant ;  the  E  M  P  set  up  iao/the  wodtrs  o/" 

I  a  comtant  /all  0/  water,  and  the  current  is  a  steady  stream.     To 

I  UDdorstand  how  this  is  arrived  at,  it  is  uecesiiary  to  exaniino 

I  the  apparatus  and  the  conditions  from  several  distinct  poiuta  of 

^^         view,  S  1065. 

^H  10^3.  The  Gramme  armature  differs  from  tlioso  of  the  Clarke 

^V        type,  Fig.  Si,  ),  in  being  a  closed  ling  of  metal,  instead  of  Ml 
E  iron  bar  foiTuing  the  caro  of  an  electro-magnet  induced  by  tho 

n  field  poles ;  yet  it  is  really  just  such  a  bi^,  if  we  consider  ita 

I  tnie  functions :  it  will  bo  soon  in  S  1066  that  it  is  really  two 

1^^^      such  bars  dividing  the  field,  and  uniting  their  actions;    th« 
^^^     wire  upon  them  being  so  arranged  as  to  unite  the  ounonta 
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oxqIoikA.  Tn  ordor  to  ofTwt  tlii«,  tho  vnn  n  not,  a§  in 
rtliiuiry  i;lu>tn>-mu|^ot«  n  U-ngtb  of  wiro  having  two  ends 
anniiig  a  cicjimtiint  circuit ;  it  is  h  oontinuons  and  ondloiw  piooA 
at  wiru  vnninil  over  ovt-ry  part  of  tho  ring.     Two  distinct  wina, ' 

oh  with  it*  two  >'iid»,  uro  rrwlly  thoro  bh  to  action  ;  but  tbeaa 

In,  oxiMting  under  th<j  bni«licii,  Bro  not  "objoctiTo,"  they 
ti*v«)  along  Uns  jdiyiiioully  ondlvMf  wir«. 

Nor  docH  the  i;urn!iit  flow  tbrougb  thin  cirouit  in  it«  entirety, 
fijwt  ono  way  und  ihtm  tho  othpr,  but  two  uppoving  currants 
flow  in  lh«  ojiiiuiiing  hulvoM  of  tho  wiro,  or  more  striotly,  no 
currt^iit  flown  iu  tho  wircM,  hut  oqtial  oppooiug  E  M  F  'h  are  eet 
up,  wiiich  Quito  ill  producing  ourrvnt  if  an  external  oondootoi  is 
providoil. 

io6).  Tho  oonjttructioD  is  explained  by  Fig.  9;.    Tho  oora  if  ^ 
fonuoil  of  houp  iroD(  or  prcforably  wire,  wound  in  a  ling  to  < 
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Rvoid  Foucuiilt  Qurr&ut«.  Tb«  conductor,  of  tbodm  proportioned 
to  the  E  M  F  and  current  to  bci  ubtaiiiwl,  in  wound  continuoUHly 
ovor  tho  coro  in  one  direction  and  itH  tindu  joinod  together  ;  but 
though  this  wire  ia  vndluMi,  there  inuitt  ben  constant  connection 
with  it  at  the  pnintn  whure  it  in  gut  by  tho  vortical  line  +  — . 
Looking  at  Ihe  armature  a»  a  tehitl':,  and  itN  regards  it«  ndation  to 
the  nu^ctic  fluid,  tho  E  M  F's  §i?t  np  are  Khown  by  the  arrowB) , 
which,  it  will  bo  «ceu,  rcjireiscut  tiio  icaino  conditions  as  a  pair) 
of  oquol  battorie*  oonneoted  with  their  forocii  opposed,  as  regards 
tliemsolvM,  bat  in  multiple  arc  as  regiLrdM  an  exiernnl  cirenit. 
In  such  an  oxtomal  circuit,  thoret'orc,  tboy  oomhine  to  sot  ap 
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ft  oarrent ;   if  no  external  circuit  U  proridod,  no  oiureDt  is 
generated. 

io6^.  But  the  different  parU  of  the  anitalare  are  oonstaaUy 
ehaugiug  thfir  posilious  iu  the  fitJd,  aud  therefore  a  temporary 
or  shifting  couueetiou  to  the  wire  has  to  be  made,  as  each  of  its 
turns  oroHses  the  vertical  line :  this  is  effected  b;  the  ovtvaitabu- 
oompoBOd  of  a  ooutuct  plate  for  each  (urn  of  tne  oonduotor  for 
lar^  currents,  or  fur  each  of  a  number  of  divisions  of  the  con- 
ductor IIS  bUowd  by  the  dotted  lines  in  Fig.  95,  vrhicli  represent 
the  oonneeting  wires;  brashes  pressing  on  the  coutaot  ]>ivoes 
make,  practioallj,  a  constant  connection  with  the  two  halves  of 
the  oirouit  on  the  vertical  line.  Thus  we  have  really  a  atatiooaiy 
electric  circuit,  though  the  wire  oompo&iug  it  is  oonatantly 
changing,  just  as  we  liave  a  fixed  magnetic  circuit  or  field, 
though  the  iron  in  which  it  is  furmed  is  changing,  S  1015. 

io6j.  If  we  cDncctve  this  armature  inserted  m  the  place  of 
the  Siemens  armature  in  Fig.  94  we  can  trace-  its  relations  to 
the  mogucllc  field,  aud  note  how  a  ring  armature  differs  from 
the  bar  or  horseshoe  types.  In  these  latter  the  armature,  at  a 
whole,  reverses  its  relaliun  to  the  magnetic  field,  and  ateunuv  lieo 
diflinct  ei>ndili<m»  at  different  limes.  In  thu  ling  tyjie,  the  diffcrtnt 
pari*  of  the  armature  assume  these  ouuditiuno  saaxtfively,  and 
thus  sot  up  B.  rotation  of  the  molecules  of  the  wire  as  iu  other 
oases ;  but  as  a  tehole,  the  tiBO  distiael  candiliunt  are  aaumed  ai  th»  , 
tame  time  to  the  two  halves  of  the  armature  on  each  side  of  the 
Terlical  line  iu  Fig.  loa. 

In  the  rotation  of  a  hortethoe  armature,  the  E  M  F  set  up  in  the 
wire,  aa  a  whole,  varies  with  its  distance  from  the  magnet,  pro- 
ducing the  wave  of  currents  i  loCi.  As  the  sections  of  the  ring 
occupy  alt  those  several  distances  at  once,  the  same  varying 
£  M  V'b  are  set  up  in  them  at  once,  as  in  the  horseshoe  wire  at 
sucoessivo  periods ;  but  these  sections  being  connected  iu  series, 
they  act  us  do  a  series  of  colls  of  different  KUF's,aiid  the 
resultiug  E  M  F  in  each  side  of  the  ring  is  constant,  and  is  the 
sum  of  all  those  of  the  sections,  as  shown  in  Fig.  9;. 

106G.  Theory  of  thb  Uiuuue  IUno. — These  actions  ore  shown 
in  Fig.  96.    N  S  are  the  field  poles,  not  so  far  exteuded  as  is  now 
Usual  iu  tiraotioe,  and  leaving  oat  of  consideration  the  distortion 
of  the  field  explained,  S  1056.    If  we  consider  the  wire  aloDe^i 
we  see  that  it  is  (i)  a  helix  traversing  the  field  and  cutting  ita.' 
lines  upwardt  from  5  to  2,  and  downwards  from  a  to  J,  therefore ; 
producing  opposite  currents  iu  the  two  halves  of  ita  rotation,  j 
(i^  That  tlie  helix  (disregarding  the  edges  which  lie  partial  j 
with  the  lines  of  force),  consists  of  two  wires,  on  each  ude^^ 
cutting  the  linoo,  thorwtoTO  IUutq  m\ift\  W  nwiiUr  induotiom  iQ> 
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flBiob,  gauuretiiig  un  oppwing  E  M  F  in  oaoh  turn  of  tho  wire, 
■omewhjkt  •ttxiiigor  in  tho  outer  positiun  tlisu  in  tlio  inner, 
beonuw  of  it«  grwter  noamssa  to  the  pole.  ())  If  we  now 
iniert  tho  iron  oorc>,  as  in  Fig.  97,  it  absorbe  tbe  lined  of  force 
Into  ibwlf  by  its  greater  capacity,  and  tliese  linee  now  exist 
only  tn  the  tpacti  betioetn  the  field  j^ltt  and  the  ring  ilaelf:  the  iron 
oorti  bocooKM  a  sliield  to  all  tho  space  within  itaelf,  and  con- 
stitutes practically  a  magnc^t  HUHjitinded  Lctwcon  tbe  two  fii>ld 
poluN.  Thin  KwultA  in  twu  actiuiiD.  (4)  The  helix  i»  now  ttaultied 
mio  a  tiniile  iine  of  viret  citllin<j  tht  Uaea  of  foTce,  under  tim  con- 
ditiunsoV  j  1051.  No  opposing  KMK  is  set  np  in  the  inner 
portion  of  il«  wires,  indoml  they  aid  the  action,  ttocauao  we  may 
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regard  tho  system  as  a  bar  inagool,  tho  coro.  traversing  a  holix, 
§  9J'-  (5)  ^^^  though  the  ma<rn<t  itfixtd  in  B[>acc,  tho  iron  in 
wmcb  it  exists  is  being  constantly  changed  ;  change  of  magnetic 
statu  means  altered  molooolar  arrangements,  a  consequent  K>ta- 
tioti  of  the  molecules  with  the  accompanying  reaction  upon  its 
HurniiindinK".  This"  polor introversion  "is considered  by  Count 
Du  MDncoltobe  tbe  chief  source  of  EMF  in  tbe  tii-amme. 
(6)  This  constant  magnetic  change  in  the  iron  has  a  disadvan- 
bigiMiuB  result,  becauae  it  beats  tho  iron,  and  is  doubly  injurious, 
by  the  niusequent  woete  of  energy  and  by  increasing  tho  icsiBb- 
knue  i>f  tliL'  wiiv  by  thu  beat  thus  given  off,  in  addition  to  thafef 
dne  to  tbe  current  in  the  wire. 

1067.  TuE  SiEMESa  Dkuu  Armatdeb.— This  acts  on  ^recisel^ 
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th«  same  prinoiplca,  exoo]itiug  tbo  buHx  and  magnet  cflbct  jUBt 
referred  h>:  thougli  itecmiBtriictiou  inBUobiui  to  bring  them  into 
ftction  in  a  difibrent  laanncr.  Tlia  core  was  «t  first  n  c^rlinder 
of  iron,  wliioli  may  bo  rogarilcd  as  a  lengthened  ring,  of  which 
FifJ.  Bj,  J  may  Iw  rcgiirded  as  a  eection,  but  Uus  hns  been 
replaced  by  coilod  wire  and  by  discs  of  sheet  iron,  suitably 
Bpacod  U^  allow  air  circiibition. 

The  tmrc  in  wotmd  abjiig  tbo  length  and  across  the  onds  of 
the  eyliiidor,  so  tluit  it  rejircaeuta  only  the  single  wiro  cutting; 
the  field  on  ouch  side  in  oppusito  directioiig,  in  tho  air  spaoo 
between  the  field  poles  and  the  core ;  henoe  tho  wire  cros^inc 
the  ends  is  inert,  acrving  only  to  connect  the  nctivu  longitudinal 
portions.  The  wire  is  dividod  into  8,  I2,  iSjiarts.  according  to 
the  size  of  the  uinchine,  all  nnitod,  by  means  of  the  commtitntor 
Bcgmonts,  into  one  oiidlcsa  wire,  aa  in  tho  GmTiiToe,  but 
differently  arranged.  Many  difl'urent  modes  of  winding  have 
been  deviKcd:  in  tbo  original  machines  tho  wiro  eroxacs  the 
cvliuder  diametrically  at  ona  end.  but  at  tlie  other  poflsL*  from 
tbo  middle  of  cue  polar  arc  to  the  extremity  of  the  olhei  arc 

1068.  Tlut  aindtng  of  (he  wire  is  ho  uminged  that  the  tayor 
which  iM  uu  each  side  faoiu^  tlio  middle  of  tbo  pole  pi<!Cu  corn>< 
Hpondii  to  uue  turn  around  tho  cylimlur.  I^et  uti  coneeivo  aa 
nnuatnru  of  8  nuch  tuius,  theiefom  of  ifi  wireii,  of  which  the 
ateinding  turns  i,  }-ij  sball  be  regarded  as  rvlntt.sl  to  tlw  N 
polo,  and  on  the  left  hand  (aa  in  Ti^.  96),  and  the  doaoendiiog 
tuma  2, 4--16  us  related  to  Die  S  pole  on  the  right.  liet  na  begin 
witli  I  at  the  middle  of  the  N  pole,  and  conucoted  on  tho 
fiirtb«r  end  of  the  cylinder  to  tbo  lower  end  of  16  which  facoii 
the  middle  of  the  S  ]itile.  Tho  eouiumUttor  couHiata  of  8  stript 
which  wo  may  call  a,  6,— A,  of  which  a  liuti  nourt^st  to  wire  1 : 
tbia  upper  i.-nd  of  wire  I  in  now  led  acrow  tlie  end  of  the 
cylinder  to  the  iippcr  end  of  tbo  S  field  pole,  where  it  dcaoi'tida 
as  wire  2 :  the  winding  ha^  IhuM  advanced  one-eighth  of  the 
circunifereuoe,  o^aiW  ihe  handio/llie  walch  ;  thtcrowi  wiro  iaalso 
connocttKl  to  armaturu  st>gnii.-nt  a  :  tliat  is  to  say,  the  end  of  inn 
I,  and  beiptinin^  of  un're  2,  are  ji.intd  tojtotber  at  a.  Wire  2  then 
commenuiug  aX  a  uid  or(.>6eitig  the  luwi*r  end  lo  the  point  one* 
eighth  further  advanced— that  ta.  to  opposilu  tlie  lower  point  of 
pdo  N,  wo  may  conaider  as  wound  round  and  round  the  cylinder 
between  1  and  },  so  aa  to  fill  up  ono'Ctghth  of  the  cylinder :  the 
turns  in  tbo  Hpaoe  corresjionding  to  2  nud  )  tJiorefore  oonstitute 
one  hdix  cnmning  thu  cylinder,  and  cunislituting  the  next  col- 
locti-n  of  win'K  which  will  uume  into  the  highest  aotion  as  the 
cy1in<l<-r  ruliilivt  iu  iIr-  direction  of  thu  bauds  of  a  watoh.  The 
oad  vl i  aaJ  th6  bo^fiuuiug  uf  i^  are  in  like  manner  conueoled  to 
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Mfpuent  h  G>F  the  commutator,  that  is  to  say,  to  tho  n^xt  ono 
to  (I,  wurkiug  round  tho  fiommntstor,  as  the  wire  itwlf  does 
agaiimt  llu'  hauiia  of  tho  watch. 

1069.  The  ueatral  poinia  arc,  aa  in  tho  Gmmme,  on  tho  TOrtical 
Kotioii  uf  tho  fi«ld,  and  tho  currents  sot  up  in  thr<  vnriona 
■eotEoiut  of  the  ring  aru  jtiat  liko  thoso  in  tho  Ummmo  aa  sliown 
i  lo6»  and  Fig,  ^^  But  little  E  M  F  ia  generated  in  tho 
Wotiona  4—5, 6~7,  which  occupy  tho  middlo  of  tho  Hold  and  ivhoaa 
taHn  am  coiiDcoled  to  tlio  <K>ti) mutator  aogruontA  near  tho  noutral 
lino :  iimy  only  oouduot  tho  ounont  to  tho  neutral  pointa. 
Therofiire  tho  cominntator  hniahea  onrhp  at  least  tiuo  seffmmls, 
thereby  abort  circuiting  these  idle  portions  of  tho  wire,  or 
eatting  them  out  of  atliim  so  as  to  rodnc©  the  resistanoe.  A 
aimilur  ohject  is  attained  in  Ute  manner  in  the  (Jraninie,  and  bo 
long  tM  lim  brushes  occupy  tho  neutral  axis  the  only  sparks 
prodiiotsl  will  bo  due  to  the  Tibration  and  jumping  away  of 
part  uf  tho  bniahea.     If  any  oonsidarable  sparking  occurs  it 

STi>vKs  that  tho  bruahua  do  not  occupy  the  true  neutral  pointa 
uo  lo  Uic  ftctiuiiH  eiplaitiei],  i  10)7.    The  SienioDs  field  ejsUsta 
is  ahowu  Fig.  9a,  I  io;4. 

107a  The  Siemens  Jrum  ia  alinkof  evolution  between  the  Imr 
armature  of  Fig.  04.  and  Ihti  Facinol  ti  ring.  It  is  nof  derived/rom 
the  Qrammn  machine),  or  a  mere  modification  of  the  Gramme  ring 
aa  it  i»  ootuiuunly  aaid  to  bv.  tt  h  likely  enough  tliat  it  waa 
i>uggi:Rb,-d  by  thtt  oonnidiTntiDii  of  thtt  Gramtue  aotion  ;  but  it  ia 
truly  the  Siemona  corn  uf  Fig.  9R.  This  ia  more  oridcut  witli 
tho  Holid  coTv  than  nith  tli'^  cyliudtrr,  bucauao  each  Hooliun  of 
the  wire  witli  ita  iiitomAl  iron  oorreHponds  to  onu  H  (.-ore. 

1071.  TheOrammeringand  Siemens  drum  praclically  include 
all  tho  various  forms  of  machine  in  use  for  contiuuouH  current 
generation,  the  various  forms  of  machine  representing,  not  prin- 
oi]>le8,  but  details  of  oonatruction.  The  Clarke  typo  includes 
several  nseful  machiuea  uaed  in  eleotio-metalliirgy,  snoh  aa  the 
Weatou  and  several  similar  ones,  whoso  current  is  not  rtally 
oontinnouB,  but  oompoHod  of  soooessEve  impalMS,  of  one  direction, 
bnt  of  an  undulating  E  M  F  which  a]>peftr8  to  work  with  some 
niL-tiilM  oven  lH'lt»r  ^on  tho  truu  ooiitinuauB  current.  As  space 
will  not  permit  diwcriptinn  uf  tho  apcoial  fonus,  the<ae  typical 
OUCH,  which  prviwnt  thuprinoiplusof  all,  oanalonobe  dealt  with. 

1071.  Ai.rKnxATisa  CoKnEiiT  Machines.  —  Theao  are  now 
coming  into  umc  in  the  large  electric  light  iusIaI  (aliens,  pai^ 
tioularly  tlio  Gordon  and  the  Ferranti-Thfrmstm  machines.  They 
are  nmplcr  in  couHtruction  than  direct  ouiTcut  generators;,  and 
more  suitable  for  giving  a  very  high  E  M  P  ;  this  in  indeed  tho 
Botire  for  their  use,  as  the  higher  tho  E  M  F,  the  Uk  Uu&  <aMA. 
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of  traiiBuiissioi:),  §  ^C().  But  it  is  still  ftn  nnsottled  question 
whether  on  tho  whole  the  ulvaQlaf'o  lice  with  the  high  E  M  F 
altomutiiig  current  combined  with  traDsfornieiB  to  bring  it 
withlu  8ufo  Urnite,  or  the  lower  E  M  F  continuoaa  current  aided 
by  soeondary  batteries.  The  continuous  current  has  the  advan- 
tage thut  it  can  bo  stored,  and  is  useful  for  every  purpose  aa 
woU  (u*  lighting.  The  alternating  current  is  useful  for  Ughta 
of  tho  "  oaiidle  "  type,  and  is,  more  doubtfully,  said  to  be  better 
for  incandescent  lamps,  so  far  as  duration  is  concerned  :  hut  it 
id  nMolciiH  for  electrolysis,  and  whether  it  can  bo  used  mechani- 
cally rtimaiuB  to  bo  seen,  i  1 1 1 }. 

I07J.  The  description  of  those  machines  to  bo  of  any  aervioe, 
would  ocoujiy  more  apace  than  can  be  >i)iare<l,  and  would  be 
of  inttirust  only  to  those  who  can  readily  uhtntu  the  same  of 
a  more  complete  character  than  would  ho  suitable  hero.  Tlio 
sauto  remark  applies  to  the  so-called  "  luultiplo  phase  machinfes  " 
producing  a  rotating  magnetic  field,  quite  recently  applied  suo- 
coesfiilly  to  ti-ansmitting  power  over  oonsiderablo  distuno^ 
during  the  Frankfort  Exhibition,  and  in  regard  to  which,  and 
mutons  for  use  with  them.  M.  Tosia  is  doing  good  work.  But 
«v*in  if  perfected  they  will  bo  of  so  complicated  a  character  that 
tlit-y  will  remain  in  the  hands  of  skilled  engineers.  It  will  be 
niure  useful  to  consider  matters  of  more  general  interest  in  the 
coiistruction  and  u«o  of  maohines  available  generally.  S  1 1 17. 

1074.  FiKLU  MAmtETS. — Forthosakeof«nJfluTii^,  they  should  lie 
constnietod  as  to  size  and  wire,  so  that  tliey  shall  nearly  rcucli 
the  limit  of  saturation  at  the  fullest  limit  of  work. 

Fur  tUadjf  working  under  vari/m'j  condilioM,  they  ahonld  ba  well 
within  the  limit  of  saturation. 

Fur  aulojnalio  adjiutmenl,  they  should  not  approach  that  limit 
evon  at  full  work ;  they  should  still  be  in  condilioua  which 
incrcune  magneliion  proportionally  to  currtmt,  g  971. 

The  length  for  a  given  weight  is  governed  by  the  same  laws 
as  those  fur  eleotro-magnets,  S  991,  in  fact  Uiey  munt  bo  reKsrd«d 
OH  olectio-tnagiiets  intended  to  produce  a  very  concttntrutcd  £cld. 

The  pole-piecta  should  contain  one-quarter  of  tlio  iron  of  the 
magnet,  and  the  arms  sliould  bo  rather  of  000  mnxH  titan  divided 
intoseveral,  uud  should  therofuru  lie  of  a  thin  and  broad  seotlon, 
BO  UN  to  he  fully  influenced  by  t)ie  coils,  rathor  than  circular. 

37ie  teinding  0/  Iht"  wirtt  is  arranged  on  diffoTout  systems  to  suit 
ipociul  rvquiremcuta. 

1075.  S'-piiTotely  excited  niachincB  are  iudopondent  of  any 
varidtioim  of  tlio  work  doing,  Thoy  are  those  with  pommnont 
fluid  taagiii^lM.  IT  those  oxcitod  by  a  separate  maohiuo,  which  \» 

aecentu)-   wlitju    tho   machiuo   itwilf   is   ons    for  ftltomating 
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onrronts.  though  tho  two  ma«hino»]  ftro  in  «>mo  ooMi  driven 
Qpou  one  aiiH,  §$  loJO  and  io3}. 

1076.  Srlf-exdtin'j  machine*,  hi  whioli  Win  principlo  of  uoou- 
moUtion,  S  losi,  is  fully  utilised,  axv  of  ttuTL-ml  difllo-ont  orders 
of  Add  inagnetA.  Thoy  are  ni^lt!  kh  m-ricn  itud  M}intit  mffrhim^, 
and  u  diflbreut  combioationti  of  th<vHi.  Fig.  gS  shonni  tho  field- 
tDa)i;iict  aoparatel;  exoilod,  Fij;.  99  tho  ecHca  oinnut,  and  Pig.  100 
the  ahiint  M7iit«in. 

1077.  Srri«*  miu!hinc«,  Fig.  gg,  aro  those  In  which  tlio  whole 
Oorrviit  prieited  thnnigh  tho  wirnM  of  armatiiro  and  licild,  and  tho 
outer  ciroiiit,  all  l>uing  in  iwritMt.  Tho  roeult  is  that  as  tha 
outLT  resiiitAiica  dlmiiiisfaos,  tho  iotwisitynf  the  tiold  grows,  and 
ourmnt  inortMUHW,  This  fits  tbom  for  tho  variable  work  of 
fllootro-ino  tollu  rgy. 
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On  the  other  hand  they  are  difficult  to  Btnrt  Agninsl  a  hkrgo 
itfiititauoa,  and  may  nevd  a  temporary  ehuut  to  cot  oiirrvnt 
enough  to  magiioti/c  tho  liuld  magnets.  They  arc  also  liable  to 
be  reversed  by  a  oountor  ourrcnL  Bevera]  means  have  been  usoil 
to  overoomo  these  obioctiotis:  Wostou  used  a  rotating  govoruor 
in  a  mercury  oup,  whioh  only  cIoatHl  the  circuit  when  a  fixod 
velocity  was  attained.  Grammo  used  a  oircuit  closer  aotuatod 
by  tliu  field  magnet,  which  kept  tho  outer  oinnut  open  until  tho 
field  tnagnut  was  charged. 

1078.  Shunt  waohinea,  Fig.  lOO,  divide  the  armttaro  current 
between  the!  lield  magnets  and  tho  outer  oirouit:  with  oponoirault 
only  enough  oumut  is  generated  to  just  ohnrgo  thu  field 
magniota.      When  work    in  doing,  the  total  rctiistauoo  bvinft 


'>02 


ELECrEO-»AQKKr»H. 


Ci079- 


Fio.  lOl. 


lowered,  more  cuiTOnt  it  gonoralcd,  part  of  wbioh  goes  to  the 
field  circuit,  iiicroasiDg  tbo  mngnetic  iotunsity.  But  ibis  regu- 
lation, while  automatic,  is  vory  imperfect, 

1079.  Shunt  and  Seric*  mftdiincn  coinliiiie  the  two  iiytitcins,  as 
shown  in  Fig.  roi  ;  ouo  wire,  tlic  slinnt,  is  an  jn»t  il(«cril)ud ;  the 
secoiiil,  t!i«  clrciiil  wire,  inHtwul  of  going  to  Uio  4-  terminal 
dirtcl,  in  fimt  taken  loiiml  Ihc  field  magnets,  uh  well  aa  the 
other  mid  then  to  the  •+-  terminal,  bo 
that  at  all  tim»  thu  uholi:  of  Om  armatare 
currimt  triiTcrses  the  ficlil  inagnota :  liut 
the  proportion  "f  it  in  the  two  ivirea, 
and  tho  total  cnrroiit  priHlucoil,  dejieud 
upon  the  external  ni!<iietiin<«.  This  gives 
a  very  comploto  ailjnittment  of  currout 
to  varying  conditions  oi  exturual  r&- 
sifltanoo. 

io86-  This  nrrangeinont  has  Ijiwn  em- 
ployed in  varions  niachincs,  iit  first  purely 
to  overcome  tho  ilifliciiIticB  incntionuu, 
{  1077.  Thii*  Itnixh  wuimd  u  fine  wire 
virouit  of  great  reeistauec  over  tlio  core, 
culling  it  a  Uater,  to  scicitn^  «onie  mag- 
netinn  of  a  doHnitu  diriiutioii  in  the 
field  aN  Boon  aa  tho  machine  moved. 
Weston  did  the  aame.  Scmu  ytars  aftorwanls  Mewra.  Crompton 
and  Eapp  discovered  that  hy  giving  a  di'finitu  n«iHtanou  to  the 
field  circuit  and  putting  it  uutaidi-  the  working  or  iioricn  circuit, 
the  dj-namo  became  solf-iegnlating.  Oni?  extract  from  their 
patent  specification  will  heat  oxplaiu  tho  principal  of  "compound 
winding." 

"Obs  tncthoil  of  ofrjlog  out  IbU  MDipnuDd  wloilinK  U  to  lakt  n  machine 
hftTing  an  ftnnnturc  rtaislancv  sf  tsy  □■  t  ohm  nii<I  *m\  aci  it>  fiM  niiifn"!*,  next 
to  th«  cor*^  NlTiciint  N<.).  j  [I.W.O.  wirr  lo  giro  n  mirUn^c  v<|»kI  h>  (linl  of  th« 
trmalui*,  and  oouiilo  lh<  mini  in  icrlr)  circuit  with  the  onniiturc.  [I'hir  it  111* 
ittin  tireuil  In  vihkb  Ih*  ciUrnal  work  1*  includod,  S  1077.)  OumM*  thw» 
will  m  vind  on  lutlidenl  •o^^  inch  uln  to  ^[it  a  reiiilAnoe  oT  ttoa  ja  to 
10  ohnu:  wc  aaujiU  Ihli  ttom  ijruih  to  Iruith  [Dili  b  Iha  tliiml  circall  $  107^]. 
Such  .in  urmilui'*  «4  ginrgr  to  driva  nt  )uoh  aixmil  thai  Iha  KU  V,  when  the 
K  vt  ihe  oulec  rircolt  i*  inlinite  (lliM  it.  npun)  n-ill  bo  nbout  65  Tolte.  It  iiill 
b<j  found  tlikl  if  tli«  citvrunl  circuit  br  now  cloicJ  Ihroogh  reiiitiinou  vnijrins 
fmm  Inflnit}'  dnwn  lo  o'75  olim.  >o  tbal  the  curniil  rnilc*  from  1  unptm,u]>  M 
80  nmp^cj,  the  eleclrometln  futce  between  terminnU  will  remain  noartjF  "">' 
■t>nl  at  6;  tolli.  Mureurer  Ihiit  tho  iiincii'l  cliat^  or  eilm  currtDl  of  th« 
ihui't  Irnifth  of  low  nuittiiave  roili  will  br  n>  Binnll.  thnt  40  or  JO  l.viii[ii  mnj  be 
ittildivd  nLmulUiMOUtlj'  out  of  Ihe  inotn  circuit,  wilhout  prwluciU|[  »ay  luuuien- 
t*H1f  hurtful  incrvaae  of  carrenl  la  one  lump  loft  In  ciiouil." 

Ono  of  thueo  curions  VegaV  dMamwi*  «?  vthioh  the  el«itrio 
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patvnU  hftvQ  boon  tlio  aiibjuot  of  liiti!  yvttni  gavo  to  Brush  tijiO 
patent  ngltt  to  comiiouti<i  wiiuliiig. 

io8i,  TirK  EMF  op  l)rx\MM.—Tho first <!i««iitialforsuoco88 
in  ulcKrtnc  tighting  ui  kIihoIuIk  iitttulineMi.  (i)  Tht.'r<3  muat  bo 
DO  tlacliiAtii^ii  in  till:  Uglit  ittiulf :  thiH  mcnnn  miifurm  K  M  F.and 
nocositAtod  {Hjrfcut  KtiiiuliiiuHit  uf  motion  in  tho  drivirig  cugiiie, 
to  attain  which  tho  ciigino  ought  to  haro  u  largo  margin  of 

EDWor  so  M  not  to  l>o  ncur  itn  limit  of  work  ;  it  oliould  havo  a 
oavy  fly-wbocl,  nnd  a  fly-wliutil  kIioiiIiI  \te  ultaohed  to  tho  ax\a 
of  tho  dyaamo  itHolf.  {i)  ThuavniliJile  ciirn^ut  xhuuld  not  liu 
oithor  incrcoitod  or  rodncod  liy  thl^  snddi^n  turuiug  ou  or  off  uf 
other  lights;  thtx  inonnx  that  tluiro  Hhould  l>u  maintained  n 
construit  K  M  F  »t  tho  tvruiiualn  of  each  lump.  (})  In  oloctro- 
motallurgy  wioh  kind  i>f  dojimcit  roi|iiirei(  a  ^t-fiiiito  E  M  t',  no 
matt<<r  what  tho  qttnntity  of  wiirk  dning,  and  it  noedH  a  currwnt 
which  will  inoreHH  M  tho  work  in  inm-asud.  This  in  the  wimo 
rot^uiroinent  lu  that  of  (i).  For  ench  casus  a  machine  giving 
conHt«nt  E  M  F  IB  novdod  :  Uiat  i»,  a  jiroporly  coiupoundod  surioa 
nhunt  niiiuhino. 

On  tlii-'othur  hati'l,  wlit-n  a  nnmhcr  ornimilaropciafionit  huraJ 
to  l*t  fiffw^lwl  ill  mriea,  conntant  curn-nt  is  reijuirod  with  •' 
vuriubli-  KMF. 

lOSi.  Cotuiaiit  E  M F  at  lh«  terminaU  t^  the  iBork.  i  ioS6,i«tbo 
deaidvratiim,  not  oonslant  EMF  guneratiMl  by  the  machino  ia 
the  amiaturo  ring.    Now  E  U  F  is  vhoiigod  by 

(t)  Variation  of  spocd.  | 

(a)  Varying  tho  atrvtigth  of  tho  fiold. 

(j )  Altering  the  nnmbor  of  tumit  «f  wire  io  tho  anuatnrc. 

Tliu  second  is  thu  pnictioablo  inodoL     It  may  bo  eB'octod  ia  i 
niagnuUi  machin<.«  bv  arranging  an  Iron  arinaturo  to  slido  ovwl 
thu  anna  along  tho  luugth,  or  made  to  rather  movo  ftcrowt  llio 
fiuld,  or  to  approaoh  or  rooedo :  medloal  machinoa  aro  fitted  with 
a  movahlo  aruatiiru  for  this  purpose. 

lOHj.  Magnetic  ftvce  varir:*  in  eleotro-inagnota  in  two  ntioa: 
(i)  an  tho  nmnlx!r  nf  tunm  uf  wire:  (a)  a*  iho  currwit  pOwiDg: 
or,  S  954,  in  a  ijiven  mirfnetic  »i/»tera  the  jute*  varies  at  the  ampin* 
turn*.  The  number  of  lurnHcanni>t  bo  oouveoieutly  altorod,  but 
thu  Rovond  fiold  niagnuts  do  oontrcd  thfi  ampifoa. 

Ill  tc/Hiratrlii  czeileii  niuohinoH,  thin  in  efleotod  by  altering  tlio 
current  from  tlio  exciting  maohine,  wliilo  in  ttif-exciling  niachinoa 
tho  aotions  doacribed.  If  1074-80,  control  the  fitll  intcnaity, 

1084.  QOALiTT  ov  Ixton.^Armalun  eoret  ahould  bo  made  of 
tlio  eoFtost  wrought  iron,  though  good  malleablo  oastinga  are 
oin|i1oyed  in  someciiace:  tbegrvator  tho  rapidity  oftheohaogea 
which   ueciir,  tho  more  osaeutial  thia    lit,  iut  auy    tondtiDOjr  to 
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reBidnal  mai^otisni  will  lower  the  cffid^mcy.  Fur/cW  mngneU 
different  conditions  ciist :  in  theini  rfsidual  moffnetim  u  cMealiat, 
BO  ihat  ordinary  cost  iron  may  bo  used.  On  the  other  hand 
H  M  F  depends  upon  the  "  magnetic  intensity  "  and  this  upon 
the  fapacilii  of  the  iron,  §  aC^.  This  varies  (greatly  in  difl«rent 
irons,  being  greatest  in  the  purest  and  softost  wrou;;ht  iron. 
Both  theoretical  considerations  and  cxporimenta)  results  indicate 
that  the  highest  elTect  will  be  obtained  from  soft  iron  cores  to 
tako  up  magnetism  from  the  current,  good  m&lleablo  castings 
for  the  pole-pie«e«,  and  massive  connecting  pieces  of  hard  cast 
iron  to  serve  as  reservoira  of  magtiotiam :  in  some  caaes  steel 
plates  have  been  combined  with  soft  irou  for  this  purjiose  of 
maintaining  residuary  tnagnetiaui  when  the  machine  ia  not 
running. 

io8;.  Ratios  op  REsisTAUcra. — The  relative  proportions  of 
oxternai  reaiatance  Ui  that  of  the  field  magDota  and  ariiiiiturt--s 
have  been  greatly  varied  as  the  salijeot  liaa  been  wtudied. 
Acoorduig  to  the  furnmliB  of  Sir  W.  ThoniBoii,  in  the  British 
Association  Itcjiort  iSSi,  tlie  rcsiBtance  of  the  field  ma^ets 
should  bo  a  little  lew  than  that  of  the  armaturo  in  the  caao 
of  Borioe  dynamos.    For  abnut  machines  the  formula  is 

B  =  VTx^  and  F  =  R'-HA 
R  is  the  reaifitance  of  the  external  circuit. 
F  „  „       fiuld  mugacta  or  shunt. 

A  „  „      orroatiire. 

1086.  Setaltont  0/ Intemal  and  Exltmal  RctUlanee. — Aaio  bat- 
teries, there  is  a  law  connecting  these  to  useful  work.  Koonomv 
means  that  tho  greater  part  of  the  rv-isistanco  should  he  oxt«mal, 
snd  that  it  should  be  of  the  natiirv  of  work,  S  ^35.  Thu  Iawm  of 
distribution  of  potential,  $  491,  ahowlhat  only  the  EM  F  which 
ie  ex[iended  in  this  "  work  ivsiatanco "  is  of  use :  the  rait  i« 
expended  iu  driving  the  energy  to  tho  point  of  application, 
Therefore  we  have  to  consider  four  distinct  divisions  of  tho 
E  M  F  set  up  in  the  dynamo,  each  of  which,  multiplied  by  H» 
own  current,  eivoa  tho  relative  energies. 

(1)  The  EMFat  the  terminalaof  tho  working  apparatus.  Hajy 
the  eleotrudes  of  a  plating  vat,  or  tlie  connections  to  umps :  this 
is  the  meT^y  uUlked, 

(i)  The  EMF  at  the  tonninals  of  tho  dynamo,  which  includes 
tho  first,  and  tilso  that  expended  in  the  ooudnctors.  Tho  differ- 
ence of  a  —  I  is  the  expendilure  in  trantviimon. 

(})  The  E  M  F  in  tho  field  mngn eta, expended  in  maintaining 
thi!  fore©  of  the  field. 

(4)  Tbo  £  Jkl  F  at  thu  brushes,  that  generated  by  the  armature, 
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of  ivliich  the  others  aro  portioiw.    The  energy  expended  in  tho 
Amiaturo  itself  is  gircn  by  C*  X  K. 

loSy.  Tho  f^iency  of  ■  dynamo  msdiine  u  often  reckoned 
from  ita  capacity  as  a  converter  of  moohaiiical  energ}'  into 
electrical,  by  the  formula  C  X  K-  But  the  electric  energy 
expended  uiUt'n  the  vuKhiue  is  as  much  waste  os  the  mechanical 
bictioD. 

Tha  Irue  e^cttney  is  roprcsented  by  tho  ratio  of  tho  energy  in 
(ke  exttrhal  circuit,   to    the    meobanical   energy    espoudcd    in 
driving  ;  this  is  what  interests  (be  buyer  of  a  dynamo.     It  mayi 
bo  of  much  inti>rest  to  the  theorist  (or  tlie  stiller)  to  prove  that-l 
electricity  converts  energy  with  litUoor  no  loss;  that  adynam^ 
gives  lis  in  eUttrical  tiorae-jioicer,  S  4*".  90  or  more  per  cent.  1 
tho  meehanifol  harie-potcer  eujiplied,  the-  remaining  10  per  cent, 
being  the  iue\-ilahte  Iom  in  friction.     But  tho  real  question  for 
tho  nscr  of  tho  machine  is,  how  mueh  0/  this  90  per  cent  turn$  up 
in  utefut  work  T  that  is  shown  §  lOSti. 

I069.  Very  high  ejficiejtey  may  bo  too  dearly  purchased;  tho 
Ufit  5  or  10  per  cenUoostsiuDreby  a  greftt  doal  tliaii  any  othor. 
It  moans  mneh  better  quality  of  material,  Rnor  work,  moro 
liability  to  getUnf^  out  of  order,  and  more  oxponsiTo  rcpiiira. 
For  most  practical  purposes  "  excelsior "  lands  us  in  fogs  and 
danger  as  it  did  Longfellow's  mnoh  over -appreciated  Alpino 
tourist :  the  humbler  aim  of  qoiot  steady  duty,  work  done,  is 
much  better.  Tho  machine  to  ho  suught  alter  is  one  which 
with  fairly  good  officionoy,  say  60  per  cent,,  scuds  a  good  share 
of  it  into  itn  pi'odiiotiTa  work,  will  not  re(]u{re<  too  much  skilled 
attention,  but  will  onduro  tho  otdiuary  ci>Dditioiis  of  practical 
oporaUona.  Uodomto  npood  is  preferable  bocauso  great  speed 
means  wear  uid  tear;  relative  heat  developed  is  an  important 
consideration,  aa  high  eOlcicuoy  generally  means  pushing  the 
current  density  in  tlie  wires  to  the  timitof  safety,  with  liability 
to  breakiDR  the  insulatioD  down.  Finally  there  is  tho  quostioQ 
of  cost ;  the  interest  and  depreciation  -|-  the  coat  of  working, 
spread  over  the  quantity  of  work  to  bo  done. 

1080.  ELBcrrBO-MAOMCTic  EMotNES. — Not  manyyeaifl  ago  it  wna 
settled  that  electrio  inutors  were  out  of  the  field  of  prsotio^ 
science ;  tliat  wiu  beouuNC  xino  is  too  costly  a  fael :  now  it 
appears  likely  that  their  manufacture  will  be.  at  no  distant 
date,  the  most  imjxirtaut  bmiiob  of  electrical  engineering. 
Trustworthy  motors  are  now  to  be  had  giving  an  efficiency  of 
70  to  90  per  cent.  For  traction  purposes  they  are  being  cloaoly 
studied.  For  faetorio*  it  would  socm  that  tht-y  may  adrao* 
tagoouely  replace  the  slmfting  and  liolting  for  trausmission  ~ 
power,  each  machine  ha^nug  it«  suparato  motor*.    But 
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groat  uao  will  bo  when  eluctrio  oarrent  is  (lixtribiiUMl  at  a  choap 
rate:  already  tho  American  companiea  flud  it  t/)  tboir advantngo 
to  distribiito  ])ower  at  a  less  chargo  tliau  light  by  tho  aime 
circuits,  because  the  call  for  power  employs  Ihoir  plant  jtut 
when  it  would  be  idle :  many  domestic  uses  will  arise  for  a 
simple  and  cheap  power  machiue  to  save  labour. 

1090.  From  this  aspect  the  considerations  of  §  1071  wilt  b9 
iniportant.  as  thuso  companies  who  supply  alteroating  currents 
will  bo  at  a  ilisad vantage  :  on  the  other  hand  this  very  fact  will 
stimulate  tho  endeavour  to  perfect  motors  worked  by  alter* 
Dating  currents, 

1091.  Eitrty  forms.— The  earliest  and  simplest  cloctio-motor 
is  tho  rotating  mercury  break  which  was  used  for  induction 
ooils.  itetween  tho  arms  of  a  horseshoe  permanent  mngact  is  a 
wowlon  block  on  the  face  of  which  is  a  circular  groove,  divided 
into  two  parts,  which  are  tho  connections  to  the  circuit,  by 
platm  of  ivory.  In  tho  ceutro  a  tube  serves  as  bearing  to  n 
Ktcol  pin  canring  a  bar  electro-magnet  which  rotates  botwoon 
the  polos  of  the  horseshoe :  the  ends  of  its  wirc«  descend  so  as  to 
jiMt  door  tho  ivory  slips,  and  dip  into  mcroury,  conlniced  la 
the  gruovu,  which  rises  above  tho  level  of  tho  divisions:  tliore- 
foro,  tho  miuniot  reverses  ils  polarity  as  it  pnsses  the  polo,  ia 
then  rupollcil  till  the  attraction  of  tho  utlmr  polo  comes  into 
play  (or  more  truly  tho  bar  travels  along  the  lines  of  tlieoloctrio 
field  botwoL-n  tho  pules), and  son  ooiit!i)U"n»  rotutiou  isjiroduood. 
Wo  have  here,  not  only  the  etugcs  by  which  motors  linvu  been 
geiieruteO,  but  tho  very  prinoiplus  on  which  thoy  depend. 

1092.  'riioii  wo  have  on  iron  armntura  on  »  Icvor  playing 
Iwtwoon  two  olectru-mazDebi.  nltcmatcly  cxcitud,  or  an  oWtro- 
tnaKiiot  tiiiniUrly  plncM  and  itltcrnntely  reversed,  nntl  this 
OwUlatiiig  motion  transformod  into  rot»ry  mution,  us  in  the 
steam  cnccine,  by  a  crank  oporatod  by  n  jirolongntion  of  tlie 
lOTor.  Toil*  is  still  need  for  such  puqxnteB  iw  rotiiiing  vacuum 
tuhcM  with  induction  coils,  and  other  cases  wliero  motion  ia 
nood«d  with  little  work. 

Another  system  was  iHtsed  upon  an  iron  bar  attachiMl  to  the 
lover,  hnt  plunging  into  1*  coil ;  Iljovth's  eloctro-raagtivt.  iikiulo 
IM  u  hollow  cone,  gnvo  tho  best  ofl'ccts  because  it  O'lUalizcd  tho 
pull  over  n  considomblo  rango. 

1093.  Modem  ti/pea  0/  metorg  correspond  to  thoso  of  dynamo* ; 
in  fact  any  dynamo  can  bo  roverst^  into  a  motor,  and  niiy 
uotor  will  generate  current;  but  though  they  are  tkua 
tvoiprocally  convertible,  it   does    not   follow    that   the   boat 

'  cenerittor  will  be  tho  best  motor :  on  the  contrary,  there  are 
tuBctionai  differonoeii  wlikU  le^uive  to  be  mot  in  different 
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wajrs.  anil  pariicpularly  iu  tlio  ]>iu))onii>iiing  uf  tlw  porta,  »nA 
the  r«tatii>u  of  tha  flcid  aud  ariuAtare  ajutctaa  ;  in  th«  dyumo, 
the  maKuetiBiu  of  tho  armaturo  U  a  resTih  of  tho  flolil,  but  in 
the  rootor  it  Itaa  i(a  divh  iiiiIc|>oudijiit  oxistenco:  au  ii  codk>- 
qaoDoe,  in  aooordanoe  willi  Lude'h  Uw.  |  ^jo,  the  mneii('ti«m  of 
tne  armature  oppoiiM  that  of  tho  field,  resulting  in  dintonipn, 
$  1056,  and  wiMikeniui;  uf  the  field  in  the  dynamo,  while  in  the 
motor  thfi  tvri>  polw  tvinfutcti,  though  etill  mutually  dis]iliu:tng 
each  utli<»r. 

Aa  a  oonK<qiuin<ie,  it  ia  dewtmbla  to  make  the  nrmatnra 
magDetiatu  wouk  in  dynaiuox  and  ctTxine  in  motona.  Tho  lead, 
that  ia  tlio  diHpIituunHint  vf  thti  nduttiu  \xaat,  and  consoqnent 
poailiou  uf  tliu  nriiKlicn,  is  aiNo  ilitk-rcnt. 

Molurn  nhoiilil  li»v«  llic  moving  ]>artfi  light,  ao  that  th«y  may 
rotatu  nijiidly,  which  is  a  iiriiiH--  condivion  of  i-lBciency,  and 
there  being  \c6»  niomentum,  they  Ktart  and  hIo]>  c-aaily.  Itut 
where  a  Htuody  action  it>  roqtiinxl,  tliey  may  have  more  weight, 
so  aa  til  Kurve  us  their  own  ny-wheel- 

10^.  Mutore,  like  dynamos,  and  in  fact,  all  engiuos,  art)  of 
two  lypya,  dihtint-inHlurd  by  tlio  [iroiluetioM  of  altLnitittng  and 
ODittitiuouti  currtMita  in  ihu  armaluru.  This  does  not  rulate  to 
the  real  altL-ruato  current  moton,  whieh  change  in  butli  dvlA 
and  armature,  or  lun  an  alternating  current  nupply,  but  to  an 
iut«rnul  ruvunul  of  tbo  current  by  tho  armature  itaolf.S  1009. 
It  dividi.w  ronstant  current  molora  into  the  name  types  as  the 
dynamo,  fbo  Clarke  lij])e,  5  1017,  and  tlii>  ring  or  drum  tyjiO, 
S  1057. 

1095.  OlarTce  type  motors  are  based  npon  SfemeDs*  coro,  and 
arc  small  Siemons  machines,  as  stntod  i  1059. 

(1)  D«prtt  has  a  remarkable  divorgenou  from  tho  ordinary 
plans,  in  Unit  ho  places  the  ftrmstore  not  in  tlii-  int«rpolar  Kpuoe 
where  n  ounwutralod  field  ia  produoud,  but  Icngthieige  bclieetm  the 
amis  of  lite  magnet,  which  is  a  ponnftoent  one.  It  'm  true  that  the 
mitgiu'tio  liii(«  do  cross  the  space  between  the  arms  to  Kome 
extent,  IU  hakage,  {  976 ;  it  is  aUo  true  that  the  iiresonce  of  the 
aruiiiture  would  draw  tlio  linos  into  this  spaow,  and  prevent  tlio 
extension  of  the  niagnotio  force  towards  tho  puk-a :  hnt  tbia 
would  tend  to  a  strong  molecular  distorboDoe  in  tlie  magnet  at 
each  semi-rotation  of  the  anuatiiro,  and  it  would  auem  better  to 
use  tho  normal  field  fonuod  at  tho  omls. 

(t)  Trome's  motor  ia  aimply  a  Siemens  machine  with  electro 

field  magnet,  and  the  armature  ends  elliptie  instead  uf  circidnr. 

(i)  Ori»com'i,  which  in  made  bo  email  as  J  lb«.  in  weight, 

ia   the  same   Ha  Trouve'a   but   the   field  magnet  iuolosea   the 

armature. 
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Uany  others  make  and  name  machines  of  this  typo,  bat 
though  they  may  have  their  usea,  thoir  efficiency  is  bo  low  that 
they  are  very  waateful,  and  they  aro  ouly  made  in  very  smaU 

1096.  Coulinitota  ettrrent  motors  aro  derived  from  any  of  the 
dynamo  machint-a,  aud  Measra.  Ayrton  and  I'eny  made  them 
inverted,  that  ia  with  the  annaturo  fixed,  and  the  field  uiaf^net 
mtatiug.  There  aro  now  many  jiiileiitud  forms  and  many 
utukera,  eaoh  of  whom  do  doubt  ]iroiluoia  tho  best  machine;  at 
any  rute,  a  good  machine  can  Ixi  obtained  from  many  makers 
by  those  who  master  the  general  principles  and  know  what  they 
want.  It  would !«  invidioua  to  tielect  any  for  xpooial  desoriptioa, 
OS  spHOfl  would  |iermit  uu  nsefiil  description  of  tho  apeoial 
forms. 

1097,  Point*  of  im]iortani:8  in  saioction  aro,  us  with  dynamos, 
§  10B8,  first  coat,  uHiuiency,  weight,  and  epuoe  oecnpied  in  some 
cases,  and  especially  the  n\'oiduuce  of  dead  points  which  make 
starting  diJlicult:  aa  a  rule  also,  quiak  running  is  au  advantage 
here,  with  gearing  or  countershaft  lo  adjust  this  to  tliS  epeod 
required. 

1093.  When  two  dynamo  inachineti  A,  B,  are  placed  in  circuit 
together,  with  a  gitlvanoraoter  to  measure  action,  when  A  is 
rotated  it  gencruten  a  currutit  which  luuises  into  B:  if  this  is 

Srevented  from  moving,  tho  galvanumotvr  will  ehow  a  current 
ne  to  the  E  U  F  corresponding  to  tlio  ipued  of  A,  while  B  plays 
the  part  of  a  simple  reeistanco. 

If  B  is  also  rotated,  ami  the  oounectiims  are  such  aa  to  oppose 
the  two  machines,  wo  may  have  no  current  at  all,  and  tho 
machines  will  require  no  more  power  to  drive  them  than 
oorrespouds  to  the  mechanical  friction. 

If  It  is  left  free  it  will  rotate  itaelf  as  a  motor,  uud  thogalvaa- 
omct«r  will  show  a  current  lees  thnn  that  produced  when  B 
WU5  not  iu  motion  :  the  reason  is  thiit  the  motinu  of  B,  however 
produced,  generates  an  E  M  P  wbicb,  wlitm  produced  by  the 
current,  ia  an  opposing  E  M  F,  oorreepcDding  to  the  counter 
E  M  F  set  up  in  a  voltameter. 

1099.  The  fjicienq/  0/  motora  may  bo  aeoertained  by  the— 
E  M  F  they  generate.  Thus  cnrront  being  paasod  while  the 
machine  is  at  rest  and  ila  value  noted,  the  vffioivncy  will  bo 
rabitod  to  thii  reduction  of  current  when  tho  machine  iH  allowed 
to  run  froo,  doing  no  work,  for  if  the  maohino  wore  perfect  it 
would  gonorato  a  velocity  closely  approaching  that  which 
would  generate  an  E  M  F  equal  to  that  producing  the  ourTunt : 
thm  being  of  course  impossible,  any  current  actually  pasniug 
laossiirui  tlutt  oxpoDded  Vy  Uw  mact.mftv&'wvViTTiiii'Kwt'L 
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Subject  to  remarlcB,  S  1097,  the  t«8t  of  valuo  of  a  motor  it  its 
^eienci/,  th»t  is  its  return  oxpivMod  aa 


i 


Energy  supplied 


C  X  14  X  J        (rotumed. 


Thft  energy  xuptilittd  being  measnred  by  tlip  current  used  in 
driving,  pHrtly  tuit  Iii  beat  in  the  wire  ami  iron,  partly  in 
tneoh&niou  modoa;  the  energy  prvxluccd  being  meatiurod  by 
tb4  weight  lifted,  or  by  a  dynamometer. 

The  uuxt  oonaideratiou  in  t}io  relation  betwoeo  efficiency  and 
the  cost  or  oonrcnienoe  of  the  machine,  as  related  to  it«  aiee  or 
woigbt.  It  fulluwa  that  the  tffideneif  of  motorn  with  steel 
|ieruianont  field  magnets  should  be  higher  than  those  with 
«loi!t TO- magnet^  but  that  aa  to  the  aeoond  consideration  the 
electro-magnet  has  tlie  advaut^e. 

Small  wiituiH  do  not  give  nearly  the  same  efficiency  sa  large 
ODoM,  but  that  in  thu  cane  )u  must  operations. 

1 100.  The  dimctian  0/  rotation  deiieud^  uii  the  position  of  tbs 
anoBture  pules  as  vompanid  with  tiiose  uf  thu  fiuld.  Therofore 
a  dynamo  machine  uaed  as  a  motor  would  not  reverse  its  direction 
npoD  reversal  of  the  current,  becauao  both  sets  of  poles  would  bo 
rereraed :  rL-veraed  motion  is  produced  by  the  reversal  of  the 
current  in  the  armature  or  field  alone ;  usually  the  armaturet 
which  is  intended  to  undergo  changes  of  magnetism. 

The  ptmitioa  0/  th<:  comnulalur  oontucls  in  motors  is  different 
from  thut  of  gencnitors,  huiug  eitlurr  uu  tin:  cetiLral  line,  or 
with  u  backward  "  hiad,"  licoikUKe  the  pole,  being  geu<;ruted  by 
curn^nt  delivered  at  the  con  taut,  ultuiun  ita  maximum  a  little  lu 
advauee  of  thia  point,  f  io$C. 

not.  Molora  should  always  bo  worked  on  the  muitiple  arc 
system,  so  that  tJiere  ahonld  bo  no  mutual  interfereucot  but  all 
being  supplied  aud  adapted  to  a  constant  B  U  F,  each  will  close 
ita  own  oiicuic,  and  call  forth  the  requinMl  current  from  tlio 
generator,  as  described  §  1083. 

1102.  Coar  OF  WoRSJKu. — The  utility  of  a  machine,  and  tho 
poastbility  of  its  employment  (where  conditions  uf  uonvonionco 
do  not  override  all  others),  di-pends  u]>ou  the  eott  0/  a  unil  of 
mtrgy  delivered  by  it,  and  this  is  bused  upon  (1)  tho  cost  of 
thoaourcu  of  euerKy  ;  (2)  the  efficiency  of  the  cuDvumion. 

1105.  Cost  of  EsKBay. — Thin  has  many  cxpresiiiona  to  suit 
diEfenint  purpunus.  For  mechauicul  etii^rgy  tlii.-  hoT*e'}ioiBrr  hour 
is  the  most  usuful,  until  muchauical  tingineera  are  willing  to 
adopt  Mr.  I'ri<i-i;u'n  viiggestiou  to  maku  the  burse-iiower  ourre- 
apoiid  Ih>  ioco  wiiti«  ineiuud  of  74^,  §  427,  which  woold  malu  it 
equivalent  to  the  li.O.T.  uuit  whiuh.  ■MXK«gQa&&  Vi  vxn  -w:«M«1 
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hount.  Tlio  equivolt,  3  ;97,  or  §omo  multiple  of  it  has  many 
nilvuntfigoa  for  oheuio&l  purpoBea:  but  w©  have  now  to  deal 
with  mocliiniii;!!,  elootricity,  and  money  value,  and  the  H{mciul 
ntiit  of  thu  auji^'ly  wmpaniea  U  the  proper  one  lo  use.  Lot  iin 
define  its  relatioiifl  to  other  units. 

1104.  A  hme-power,  H.F.  ia  )}/x)0  foot-lbs,  per  minute. 
A  hor»e-powrr  hour  =  Jj.ooo  X  60  =  1,980.000  foot-lbs, 

A  man's  jioiBer  h  usually  takeu  at  oue-siith  of  horKo-jiower, 
The  B.O.T.  unit  is,  S  428,  the  energy  uf  looo  volt-nmpero 
hours,  whifili  is  j.6oo,0oo  joules,  and  tlio  joule.  §  426,  Wing 
fiMt-ll)B.  '73711  wo  have  these  data,   with  the  lugarithma  fox 
ilculalions. 

H.P,  hour    =  1,960,000  foot-lb«.  6-2566653. 
Joalo  =  "JiTi  „     *i"8676443. 

H.P.  hour    =3.685,474   jonlm    6'43()02io. 
B,O.T.  unit  =  j,6cx5,ooo       ,.       6-556103;, 
„  =  3,654,300  foot-lbs.  6'43J9467. 

„  =1*54  U-I*.  hours    o- 1373815. 

=  566  equivoltB  3-7545509. 
The  pricw  charged  by  supply  companies  rangivi  betwedu  jd. 
nnd  tod.  in  London  |ier  uiiit :  we  inay  take  €d.  as  a  value  easily 
altered  iu  culculutiuiis, 

1105.  Eneiwv  op  Fctel. — This  is  usually  %uluod  iu  torum  of 
units  of  huut,  gent^rally  that  amount  of  htsit  which  will  riiiso 
t  lb.  of  water  1°  Fahr.  in  temperature,  wbieh  is  eijuivntout  to 
773  foot-ll)B.,  S  583.  AcourdiuK  to  Favro  and  Silbi'tiuann,  the 
value  uf  carbon  pi.'r  lb.  is  12,906  uuits,  and  of  hydrogen  62,5)5. 
According  to  thu  Govemiuout  csperimaula  un  enal,  the  avorago 
of  Bngli'b  qualities  may  ba  tukeu  au~- 

Carlion,  per  lb,    ..       -en  x  12906  =  10480 

Hyilrtjgeu  (available),  per  lb.       -041  x  6^535  =    ^564 

10,070,000  =  foot-lbs,  per  lb.  =  <)044 

This  is  }-79i9  B.O.T,  units  or  5-075  II.P.  houvH.      "^^ 

1 106.  Wo  must  next  oon«der  the  proportion  of  this  actually 
utiliK^  in  steam  onginos.  This  will  dej>cnd  upon  their  coa> 
sumption  per  "  indicxtod  horae-powor,''  and  this  varies  i^m 
3 i  Ids.  per  hour  in  the  host  engines  to  5  and  6  in  oommou  ones.* 

'  The  IdJIcnlsd  hi^te-powrr  »  nsnallf  oruploycl  lU  lbs  tneuuie  of  work  >D(1 
ngrit  ofaa  ciiitlnr.  but  li  i>  nnt  rcallf  to,  iu  11  doM  Dol  kUavr  f^r  tlio  rricllnn  of 
Ihv  raeinr  itirtf.  The  curx'ctt  Tnlua  cna  tx  uccrluiioil  only  bjr  (umc  kiml  of 
dyuHinoiiifltiir  whU'h  niouui'c*  ibg  actual  muhaniad  «iwrjt7  ■Hrtrilnt  thcintiDg 

fmWtj  iif  thp  iiiiglnt  |iTr  liiJiciltd  1>ar>*-paw«r  (lettl^iwd  in  tli«  (i]rluid*r,  u  thit 
stiQt  mrniiirc*  Ihi  prinpurtiun  of  ■nnrirjr  of  Ih^^  fuel  trauafamicd  into  prcuuro  oa 
thcpUtua  by  the  agtacj  ot  th«  buiUr  and  cftiodor. 


I 
i 


0Q8T  OP  ENETinT. 


Let  UH  Uk«  4  Ibe.  M  Uis  oonBUmption  of  n  fairly  good  imginc : 
let  ns  Utko  tot.  per  ton  aa  the  ]iricM-  uf  ami  ub  u  cuiiTiMiivnt 
figtiru  t')  cornwt  to  actual  {iriocn:  tliix  sitm  un  '10714  ofa 
penny  a»  tho  wibI  per  lb,,  wliieh,  if  wo  liko  to  mnko  t».  per  ton 
the  bu)B  Id  bo  mnllipliftil  m  rcquirotl,  booomcn  '00;)J7.  Tho 
oo«t  of  the  horoe-power  iwur  nt  30».  \s  thofnforo.  at  a  ■  5  llw.  por 
hour,  ■  16786,  anil  at  4  llm.,  -43857  »f  a  poiitiy.     It  appoum  that 


tho  Lomlini  miiiply  cumpunica  nvi-mgo  j  llw.  of  coal  per  unit,  or 
5'ij  |ior  horw^jiriwor  hour,  owing  no  iloubt 
Doing  coHHfiint. 


to  tito  (luniHtKl  not 


1 107.  fiAK  A8  Fuel. — A  ttm  of  avernEO  coal  giroB  9600  cubio 
foetof  giiaof  ■450Ki1.gr.,  which  i»  jji  iTm.  of  gas  per  ton;  about 
i}oo  H>s,  of  cokit  uro  iilaii  pnicltiivd,  and  if  wo  allow  ovon  odo- 
thiril  of  tliiu  rta  (luunmuuil  in  the  funiu<^i«  wo  nmy  ocmsidor  wo 
got  iihoiit  1 3  feet  of  gas  fur  eocli  [louiid  of  coul  consumod,  that  is, 
100  foot  ropretuint  at  moat  8  lbs.  oual.  The  onorgy  of  gas  is, 
woij^ht  for  weight,  ninob  grealor  than  that  of  ciihI,  for  tho 
roaoons  given  S  586  :  iii  fact,  the  energy  of  largo  part  of  tho 
ooko  coninimed  rually  piiasee  iutu  the  gun,  in  tho  act  of  gaeifica- 
tioD  of  the  solid  ooal :  according  to  Tariuiis  leetn  t  lb.  of  gaa 
givoH  2ifioa  heat  antta,  or  17,006,000  ft  11*.,  and  an  tb«rv  an 
alxmt  JO  Iba.  iu  looo  feet  thin  meana  510^000,000  ft.  lb«,  per 
1000  fiiot,  or  thooretioal  HJ*.  himni  2j8. 

1108.  But  wo  can  easily  lake  prottj  ovrtain  figurcti  horo; 
wo  o»B  fairly  take  the  priooB  of  gaa  hh  j«,  per  1000  foot,  and 
tlioro  nro  gn-i  engines  which  work  at  n  fot^t  p»r  W.V.  hour,  or 
practically  49  per  1000  fovt.  TbJa  works  nut  to  '  1599  of  aponov 
for  potonliul  uiiurKy  of  gue,  mid  "I'ffio  fur  iho  praotioal  H.r. 
hour  including  tabcw,  booauso  the  gas  engine  iieeda  uo  altiking, 
agaiuat  the  ooal  cost.  S  I  loti. 

1109.  I'etrolenra  oil  ovaporat^a  ij  to  i3  lbs.  of  water  per  lb, 
agaiuat  10  to  u  for  coal :  it  coeta  much  about  the  aame  aa  gas, 
at  all  events  for  light,  and  probably  for  engine  power. 

1 1 10.  Cotl  of  Eleetrie  A'iirt-;/j/,— TmoK  the  prioe  per  unit  at  Cd., 
the  coat  of  K.l'.  hour  is  4"4753  which.  divi<[tid  by  tho  effioienoy 
of  the  motor,  gives  tho  practical  cost  ]>er  II.P.  hour  in  penoe. 

I  hare  tabulated  tlicae  varioua  costa  for  comparisoti,  adding 
the  cost  by  batteries,  taking  the  coat,  table,  p.  ij),  with  *oi; 
per  1000  joules  as  average:  thia  ooat,  like  that  of  nleam  engines, 
would  be  increased  by  Uie  waste  and  the  cost  of  labtjur,  which 
ia  not  incurred  either  by  the  |^  or  supply-fed  electric  motors. 

nil.  Co*t  0/  Local  Workiug. — if  we  lake  the  oaae  of  home 
manufaotured  onrrent  at  4  lb.  of  coal  -f.  au  oijual  sum  for  labour, 
it  ia  cluar  that  the  cost  will  be  thia  aum  inorooaod  by  the  effl- 
oieucivs  of  ilynamu  and  motor.     Taking  thow  at  Bo  ^r  cent. 
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ivo  huve  cost  i)f  eleutrio  energy  pi-r  H.P.  tour  i  "0714,  und  rao- 
ohauicftl  i^uergy  i'3]9i  punc«.  Thceu  figurea  do  tiot  inoludo 
cost  of  machinery,  wisir  uiid  ti^r,  &<;.,  whiijli  huve  tu  bo  uddod 
in  this  ouGC  for  ongiiiu  ami  dynumo  as  well  as  for  the  inotur, 
which  is  iilone  needed  with  B>iii|)|y  curreut ;  uor  is  iiuy  allow- 
ance iiuule  for  condnotora,  icakage.  &o.,  such  maltere  depending 
on  lociH  lionsiderutioiis. 

The  ciist  of  lighting  the  Atheiimuiu  Club  loctilly  is  894^.,  and 
it  M  wiiil  th/it  tho  dfat  iit  -d.  would  be  1452/- :  this  meitns  49,78* 
units,  jiriidiioed  at  n  cost  pur  iinit  of  ^'^d.  or  jier  olectri(»l 
H.P.  hour  )'2iG,  which  ut  So  per  cent,  efficiency,  to  comporu 
with  other  figures,  ineiuiB  2-576  peuoo  as  the  actual  cost  per 
mechanicul  H.P.  hour. 


Cost  ok  Mechasicai.  EKEHoy  I'er  H.P.  Hoob. 
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1112.  TiiANsuitMioH  OF  Esenov. — This  sobject,  w  to  which 
great  tixpoctations  have  beou  put  forth,  uaturally  comoM  to  bo 
considered  hero.  It  will  be  seen  that  the  practicability  of 
trausDiiflsioD  to  considerable  dtittaucea  depends  upon  tho  pro- 
portioD  of  enerf^  delivered  to  that  ^euerated,  that  is  to  tho 
waste  of  energy  in  the  acts  r>f  trans rniimiun  and  conversion,  and 
as  It  this,  there  are  two  OQiistdRrutious:  (i)  the  effeote  with 
large  <tirrmta;  (a)  the  resultii  with  hijh  EMF, 

The  principle  object  is  to  utiliKo  the  uatni-ol  energy  of  water- 
fa}ls;  that  of  ilowlng  water  can  bo  utilieed  best  in  its  noigU- 


ifiti.]  TBAKtauno!!  OF  p«wiai.  £13 

boiirhowl :  tiiniiv  h»vo  tried  to  iititii:o  tVio  lidal  energy.  Imt  that, 
it  in  well  jiruvcii  now,  cannot  bo  dono  profitably.  AnoUiereotirce 
of  energy  might  bo  foiiDd  in  wasto  IhoI  ut  trio  mitit-a  which  is 
not  worth  otrriago,  and  except  where  it  is  nuule  into  oom- 
prowod  tfiol,  fjxm  to  WMleu  I  niny  eitg^t  that  a  Bf.niroe  of  cheap 
eoorgj  might  bo  found  in  biinimg  this  fuel  at  thu  bottom  of 
DpcMt  shalw  of  mines :  this  has  long  been  dono  fxr  voiitilfttioo 
purpoMt.  und  it  would  bo  «a«y  to  add  apparatus  to  generate 
elMtric  ciirrynt:  p<^iB»ibly  oven  tho  thcrmo-pilo  on  a  Iiirj;e  aeala 
might  he  utilizctl  in  this,  and  other  caeee,  where  he&t  is  going 
to  wacte,  as  in  flues. 

in;.  Tratumittiott  bg  large  eurratlt  in  now  reco^ieed  aa 
iinpructicublB  ■>Ter  any  ^eriDiis  llietn^c<^  l)ecau86  of  the  cost  of 
tho  conductor  an<)  \o»s  of  energy  in  it. 

TTanimUman  III/  high  pretmire  with  ountinuous  currents  is  limitod 
by  the  difliciilty  of  producing  dynamos  to  furuiBh  over  2-]ooo 
volta.  Ah  thu  ubicut  in  to  ntt«iu  thti  highest  voltage  which  oan 
bo  kept  within  the  oonduotor,  alUmaling  currettU  give  tho  boat 
proepecta. 

11 14.  The  problem  ia  comptoi.  and  its  separute  parts  will 
probably  receive  diSeront  treatment.  It  ficeme  prolmblo  that 
tho  alternator  will  have  to  take  the  mechanieal  ooorgy  from  the 
water  wheel  or  tnrbine  and  trausmit  it,  poesibly  at  20,000  or 
higher  voltage,  over  aerial  conductorb  to  the  point  of  conHump- 
tion,  where  traneformere  will  reduoo  it  to  a  managenblo  voltago 
for  local  diatributioti. 

1115.  Whether  it  will  be  distribntod  in  the  altcninting  form 
depends  upon  whether  alternating  niotora  become  truHlworlhy: 
may  it  not  be  that  the  true  procecB  will  lie  to  eiujiluy  at  tho 
receiving  station  an  uttemating  motor  (nmuageable  there) 
driving  a  genewtor  producing  cimtiniions  current?  Local  sub- 
station transformers  are  coming  into  favour  for  light  distribu- 
tion, and  Muiilarly,  we  may  have  motor  generators  transforming 
tho  high  voltage  alternating  current  into  a  low  voltage  oou- 
tinuouE  one,  suited  both  to  motors  of  aiuiple  oonstruction,  and  to 
chemical  ufE«,  as  well  as  light  giving. 

itt6.  The  latest  experiment,  at  the  Frankfort  Exhibition 
1891,  appears  to  have  been  BucoeBsfui;  ftill  paiticulars  are  not 
yet  publibhad,  but  Just  as  this  part  has  to  go  to  tho  printers,  a 
preliminary  account  has  appeared. 

A  voltage  of  16,000  volts  was  used  but  raised  occasionally  as 
high  as  ]0,000.  Insulation  by  the  oil  insulators,  ae  introduced 
by  Messrs,  Johnson  and  Phillips,  was  found  to  be  quite  trust- 
worthy, only  one  insulAlor  giving  way  under  the  stress  itself: 
there  was  no  leakage. 
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The  enpilal  millag  «aa  £60  per  H J*.  tr»nsmitt«(l,  uf  which  £50 
WHB  devoted  to  tlie  couductor. 

An  efficiency  oftrammUmon  of  7a  to  75  i>er  cent.  U  calculated 
to  have  lieen  attained,  but  further  definite  evidonce  is  desiniblu. 

The  dietuiicu  froia  the  waterfall  at  Lnufieu  to  Frankfurt  la 
1 1 2  milea,  nud  the  calculations  were  at  fint  baaed  on  a  ciirrent 
uf  8  ampetCB  «t  27,600  volts  in  a  copper  conductor  of  '06  at),  in., 
with  a  full  of  putonlial  of  10  per  oeiit.  Trunsformcm  with  oil 
iiisulution  were  used,  and  the  generating  apparatus  was  the 
"  Dehatroia,"  the  rofary  field  dynamo  of  M.  DobrowoUky.  I 
give  description  of  lliis,  cundeiised  from  a  paper  hy  Dr.  Oacar  Jifty. 

1117.  The  current  is  a  combination  of  throe  alternating 
currenta,  witli  their  phaaee  following  tuuh  other,  giving  a  dia- 
plac«meut  of  1 30°,  thus  producing  a  mtary  magnetic  field.  The 
three  classes  of  currents.  '■  continuous,"  "  alternating,"  and  "  ro- 
tating," may  be  illustrated  by  the  action  of  a  magnetic  needle 
surrounded  by  the  conducting  circuit. 

With  a  eontinttoui  current  the  needle  asaumea  a  fixed  posittOD, 
its  deflection  ;  with  an  altemaling  current  (of  low  frequency)  it 
nwtngs  from  «ido  to  aide;  with  a  rri(nryotirroat  (in  three  separate 
wircflj  it  rot*teB  on  ils  axis.  If  the  needle  is  replaced  by  an 
iron  cylinder,  a  rotating  motor  is  obtained  which  has  neither 
winding,  collector,  nor  contact  ring,  and  of  whieh  tlie  armnturo 
la  not  mcludttd  in  the  circuit;  such  motors  will  start  with  m 
low],  as  they  have  no  "dead  points  "  as  alternating  ourreBt 
molors  have. 

iit6.  The  action  depends  on  the  same  principles  as  those 
utilised  in  Shall enberger's  meter,  i  400.  as  the  Hucoessive  oiureiita 
inditce  polos  in  the  iron  armature  and  cnrrenta  iu  closed  wire 
oircuitA  on  it ;  the  induced  polea  of  the  armature  always  travel- 
ling round  and  following  those  of  the  revolving  field  of  the 
ouneut  set  np  by  the  different  drouita. 

Therefore  its  Uiere  are  three  circuits  in  the  machine,  three 
conduotom  are  iiect'snary,  hut  the  Interchange  of  aotiona  enables 
each  of  tliese  in  turn  to  aerve  aa  return  wire  to  the  active  cir«ait* 
of  the  monieiil. 

1 1 19.  Some  years  ago  Messrs.  Thomson  and  Uonflton  claimed 
that  the  total  power  of  Niagara  could  be  tranunittcd  coo  miles 
by  a  half-inch  copper  wire.  That  has  not  been  done,  out  ittepB 
are  being  taken  to  ulilize  someuf  it,  and  Profeuor  ForbcE  etatcK 
that  be  has  recommended  Mordey'e  altenuttor  for  the  purpose, 
working  at  10,000  volta, 

tijo.  It  should  be  understood,  when  calculating  the  energy 
uf  a  waterfall,  that  its  "  total "  power  can  never  be  taken  up  by 
tiuy  mechanism  ;  tho  water  issuing  from  the  turbine,  or  wheel, 
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mnst  rotain  aoHMTdocity,  or  the  tnaahine  would  e lop  altogether, 
and  the  enorgj  ftbvorbod  from  the  water  will  be  as  the  difference 
of  the  squares  of  the  Teloclties  of  Sow  aboTe  and  below  the 
turbine.  Thia  only  gives  the  cnorpr  colUcted,  and  ia  fiubjeot 
to  loaaes  Id  distribution  and  mcohsmsni. 

The  turbine  ia  ono  of  our  most  cfBciont  maohines,  and  may  bo 
estimalod  to  dolivor  7;  per  oont,  of  the  power  due  to  the  "  bead 
of  water." 

II3I.  lKi>UCTiaH  C01L6. — These  arc  an  application  of  the  prin- 
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ciplM  atiidiod,  $|  Q39-9J).  They  consist  of  distinct  parte,  the 
fttootioD  of  whioD  should  be  understood,  (i^  The  iron  c 
fal  The  primary  wire  which  conveys  current  from  the  battery, 
(j)  The  breolt  which  interrupts  the  current,  (a)  The  secondary 
wire  in  which  the  induced  current  ia  set  up.  (5)  The  insulation. 
(6)  The  condenser. 

Between  nil  these  pnrts  there  ia  a  due  proportion,  iind  Fig. 
101  is  drawn  to  a  Bcale  intended  to  exhibit  thut  proportionato 

To-  101. 


rel&tion  for  the  beet  oonHtnictioB :  it  repreionte  a  coil  with  « 
core  I  foot  long  and  il  inch  diameter.  The  proportiona  are 
related  to  the  laws  of  eleotro-maguets,  modified  by  the  oircnm- 
stance  that  the  core  cannot  be  saturated,  and  is  only  aot«d  on 
for  a  fraction  of  a  second :  therefore  it  shouh]  not  be  so  long  m 
a  real  magnet ;  on  the  other  hand,  for  very  large  coils,  the  length 
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in  nclviiiitiiKeously  increased  ao  aa  to  reduce  the  distance  of  the 
i!in!(iDUary.  Tilt!  eilipse  shoti-s  the  luoet  advautageoos  form  in 
whiuh  the  wires  can  bo  airatiged  to  occupy  the  most  effective 
[Hirtiou  of  the  space  marked  id  thiuk  lines  from  the  points 
a  b,  in  Fig.  77,  i  95  j.  and  the  foUawiog  explanation  will  assist 
in  the  making  of  n  coil  to  the  beat  advantage. 

I  lii.  The  Core. — This  acts  purely  as  an  electro-magnet,  and 
should  bo  made  of  the  jiiiroet  find  softost  iron,  so  that  it  may 
magnetize  and  dcmagnc-lize  rapidly  and  completely.  It  miiHt 
uot  set  up  an  induced  curnut  n-ithin  itself,  therofore  its  own 
metal  must  uot  form  a  circuit  which  would  act  as  does  tho 
brass  covering  tuho  described,  S  1148.  It  should  be  made  of 
wire.  i3  to  22  gauge,  cut  in  lengths  in  excess  of  the  intended 
OOil,  so  as  to  project  at  both  ends,  as  fhown  in  dotted  lines  hI 
ono  end  c:  they  should  bo  puckod  into  a  mctitl  cylinder  of 
proper  size,  from  which  they  van  lie  gradually  pushed  out  aud 
tmund  with  iron  wire :  they  shuuld  then  be  placed  in  a  char- 
coal 6ro,  made  red  hot  for  isome  time,  and  allowed  to  cool  as  the 
fire  goes  out— not  by  remuTal.  The  binding  wire  alionld  bo 
graduidly  unwound,  and  replaced  by  tape  covered  by  strips  of 
stout  pap<:r  pasted  on  to  form  a  oylinder,  which,  when  dry, 
idniuld  l>d  wanued  and  soaked  in  melted  pontfliu. 

When  a  removable  core  is  desired  for  experimestal  porpoaM, 
or  Huch  an  arrangement  as  is  debcribod,  S  iiJJ.  formedioal  ooilfl) 
it  is  better  to  form  a  cylinder  of  paper,  or  ebonite,  Sec,  on  a 
slightly  tapering  mandril,  and  ooostruot  the  soil  upon  thia, 
inserting  the  roro  afterwards. 

II3J.  Fig.  lO)  represents  a  cap  of  metal  to  be  fitted  on  to 
each  end  of  tho  core  or  to  the  mandril,  to  work  in  a  slot  in  an 

upright  frame  so  that  a  handle  oau 
be  sHpped  on  either  end  to  wind 
up  tho  coils  of  wire.  This  could  bo 
.  1 .  .1 .  <  -  in  a  lathe,  bat  is  far  better  done 
I  y  luind  in  a  frame  for  the  purpose. 
When  tho  coil  is  completed,  tho 
i^lMi  (which  may  be  seourod  by 
shellao  cement)  are  removed,  tho 
end  of  the  core  at  b  is  to  be  out 
off  and  filed  to  a  perfectly  Emooth  faoe:  tho  end  0  projecting 
beyond  the  calculated  leugtli  of  the  core,  and  the  nrmalure  at 
the  other  end  will  l>oih  add  )o  the  inductive  actions,  as  in 
§  981,  hy  the  increased  uiugneUc  oupicity. 

1 124.  7'ke  /'rini(tr_v.— TltiB  should  bo  silk-covorcd,  beoaoae  tho 
magnetism  induced  depends  upon  the  current  and  the  number  of 
tartia  of  vrirv,  and  tltis  will  be  greater,  the  l<»a  room  the  inaula- 
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tion  tnkoe  up ;  it  sliould  hn  of  high  conduotivily,  and  soft,  §o  as 
to  have  no  "priiig  in  it.  The  Bue  nitist  ho  selected  with  an  ryo 
to  the  biittory  power  inlonded  to  bo  iisod.  so  as  to  develop  the  > 
greatrist  ciirrunt.  Ko.  14  would  suit  a  roil  a  foot  long  to  work 
with  low  battery  powt-r;  for  aiimllor  coils  No.  i9  and  oven  ao, 
It  eliould  lie  in  on©  IcnKth,  in  ciwe  of  any  ftKcidc^nt  occurring  at 
a  join,  and  alao  t/i  avoid  irreipilariiy  of  form  whii^h  in  apt  to  bo 
oaiisod  by  «  joinL  The  qnustioii  im  tjj  thp  iidviint»gi>  of  two  OT 
thi'eo  layers  is  of  the  siimp  oriler  as  thnt  of  icixc;  it  in  a  mutter 
of  resistunce,  current,  and  spiice  occnpiM :  the  Imlunt-e  is  in 
favour  11  f  two  layers.  This  nlso  bring*  the  two  ends  to  one 
extremity;  if  three  are  prcftTrod,  the  end  of  the  wire  must 
bo  brought  out  ami  oiirricd  back  under  the  stiuid  in  mounting. 

t  ilj.  For  general  piirpr>H<.-H  it  may  !«  wiho  to  err  on  the  eidol 
of  luing  wires  loo  tmatt  rather  than  the  reverse,  beoause  that' 
error  partly  eompenealeti  itiiolf  by  the  greater  number  of  turns, 
aod  may  be  correotod  in  working  by  using  an  extra  cell  or  two, 
but  this  does  not  hold  with  really  good  cotls.  Ampem  (urn* 
magnetiie.  Will  80  far  itmatteiii  uot  how  they  are ohtaiued;  but 
here  the  object  is  to  get  the  energy  into  the  secondary  wire,  and 
HH  the  energy  charge  of  the  core  will  t^ke  the  most  perfect  path, 
the  reeult  depends  on  the  relative  E  M  V.  which  can  ne  geaented 
in  the  two  wires  available  as  well  as  on  the  resistanoes  of  the 
two  available  drouite.  The  E  M  F  deiiends  on  the  number  0/ 
tunu ;  therefore  the  more  there  are  in  the  primary,  the  greatei 
the  tendency  to  extra  oiirrcnt  there,  and  loss  of  energy  in 
sparking  at  the  bi'eak.  There  is  a  j^roat  deal  of  niystiiication 
aUiut  aelf-induotion  in  the  usual  tTi'nlnieot  of  this  matter,  but 
this  in  the  simple  and  natural  eiplnnation. 

I  n5.  When  winding,  plat's  the  (Jorn  in  tho  frame  with  the  b 
end  to  the  lef^.aa  the  wire  commemwn  there;  lie  the  wire  firmly 
to  it  with  A  enffioient  length  for  cuiineotion,  and  wind  up  as 
firmly  and  closely  as  poesihlu,  turnino;  the  handle  upwards  to 
form  a  right-hnndwl  helix.  When  the  layer  ia  uompleted,  fill 
up  the  furrow  between  the  wire  wilh  a  jtoft  ootton  cord,  or  stout 
knitting  ootton,  then  bind  ovtir  firmly  willi  a  Mtrip  of  dry  silk 
or  eilk  binding  (snch  as  the  drapera  nell  aa  Unniiel  binding),  to 
provent  any  accidental  omtact  by  chafe  of  the  wiroa.  Now 
wind  tho  Kocond  layer,  imd  secure  it  in  the  same  manner.  It 
will  be  wise  now  to  teat  tlie  resiatauoe  of  the  wir«,  which 
should  be  nlightly  gTeat«r  than  before  winding:  if  it  is  lees, 
there  is  contact  aumewbere,  which  must  be  remedied  by  un- 
winding. The  core  and  primary  should  now  be  warmed  and 
well  Koiiked  with  melted  paraffin,  unless  it  is  preferred  to  leay« 
thjs  till  tho  toil  ts  completed. 
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1127.  ltwu/<i(injf  Tvhe. — The  cxne  and  primkry  are  now  to  to 
inclosed  in  n  tiibe  ae  ahowii  by  e.  Fig.  loi,  whicii  reqaires  to  bo 
thicker  at  the  ends  thati  at  the  itttddle,  a*  drawn,  because  tho 
great  risk  is  &  discharge  by  spurka  to  the  primary,  or  ooro, 
which  (ifler  a  good  circuit..  An  ebonite  tub©  is  Msunlly  reoora- 
uended,  hut  it  is  coetly  and  difficult  to  fit  esBOlly  to  the 
primary  without  waete  of  8pa<^.  Such  a  tube  can  advautago- 
ounly  be  built  out  of  the  Oiinne»t  theel  tbmiiU:,  Measure  tho 
proper  sij:6  with  a  piece  of  ptt[«r  cut  lo.fit  tight;  cut  out  a  pieoo 
of  the  elNtnite,  ivhioh  is  best  dune  with  a  sharp  point,  or  a 
tenon-saw  ilr»wn  over  the  swrfaco ;  hold  it  before  a  fire  till  tt 
softens,  and  bend  it  over  Iheooil,  binding  it  with  a  tiipe  till  cold ; 
then  secure  the  joint  with  shellao,  and  add  a  second  cylinder, 
breaking  joint  at  the  opposite  side :  in  a  large  coil  scTeral  such 
layers  shoald  be  used,  I'bree  diska  of  the  thin  ebonite  are  to 
be  cut,  with  central  holes  to  suit  the  position,  as  shown,  and 
slipped  upon  the  cylinder,  which  is  then  thickened  up  at  the 
ends  by  shorter  oylinders,  as  shown.  When  dry  these  may  be 
turned  down  to  a  roK^Iar  carvp,  if  dcHirod,  or  tlio  disks  being 
sot  in  position,  a  strip  of  paraffined  paper  may  bo  wound  on 
to  the  desired  thickness,  ns  directed  in  the  winding  of  tho 
secondary.  In  disks  1  and  5  there  are  to  be  holes  throuith 
which  A  length  of  the  secondary  wire  is  nnssed,  as  shown.  In 
sniall  coils  a  single  disk  will  suffice ;  in  larger  ones  others  are 
to  l}e  added  so  as  to  leave  no  space  wider  than  2  to  j  inches, 
but  so  us  to  keep  an  even  number  of  spaces.  The  disks  should 
1m  thickened  alternately  at  the  middle  and  edges,  so  that  the 
thin  part  is  where  tho  wire  passes  from  one  compartment  Ut  tho 
next,  thut  is  to  say,  where  the  difference  of  tension  is  least 
between  the  neighbouring  portions  of  wire.  Thero  are  two 
ways  of  thickening  di^ka  :  anothur  disk  of  sheet  ebonite  may  bo 
out  of  the  proper  sii^o  and  rasped  away  at  one  ed^e,  and 
oomented  with  shellac  on  each  sidu  of  the  principal  disk;  or 
disks  of  pitraffiued  paper  may  be  out  and  added  at  intervals  a* 
the  wire  is  wound  on,  which  is  readily  done  by  cutting  a  slit  in 
each  so  as  to  nlip  it  on.  The  first  jilan  is  preferable  when  the 
thickuees  is  in  the  centre. 

iiaS.  The  two  end-pieces  may  be  made  of  ebonite,  but  well' 
baked  mahogany  saturated  with  paraffin  will  answer.  The  inner 
facoH  may  have  a  recess  cut  tn  them  to  ountoiu  a  circle  of  thick 
sheet  elxinite  where  in  contact,  with  the  wires,  uid  if  deaired,  a 
casing  of  thin  ornamental  wood  can  be  used  to  oover  the  real  ends. 
In  most  coils  these  ends  are  oirouUr,  with  a  flat  fioos  at  the  lower 
edge;  but  in  Fig.  102  they  ire  rectangular,  in  order  to  carry 
tho  teToiin&l*  and  diBohargtiT,     WUiihAver  ^lan  is  preferred. 
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th«y  Are  uow  to  bo  fixed  firmly  upon  the  inmiUting  tul>o  so  u 
to  incloM  vrilbin  them  part  of  the  primary,  as  Bhowii,  fi^rming  & 
cnmnletfi  reel.  The  insulittini;  tube  should  be  carriui]  to  ttiu  oiid 
»f  tlll^  (!ore  (iii»ti>ail  of  tioing  cut  off  to  the  ellipie,  an  uliowu  in 
tht!  figure),  so  that  the  end«  may  be  fixed  flocurely  upon  it. 

1 1 J9.  The  neamdary  irire  is  to  be  laid  with  ila  lumii  parallel  to 
tliOM  uf  the  primary,  and  h»  many  tuniH  got  into  the  apaoe  as 
ooiisbta  with  the  othfr  essoiitial  wmlitii'iiH.  The  size  of  wire 
dupoiiils  npoi)  the  object  nimed  at.  A  full  busliy  spark  depeods 
on  quantiln.  and  this  on  the  bIm  of  tlie  wire  ;  length  of  spark 
depends  on  teiwion.  and  this  upon  the  niiinber  of  turns ;  the  size 
of  wire  will  range  lietween  Nes.  jj  and  40.  The  coil  is  to  be 
ftiTangod  in  the  winding  stand  as  liefure,  with  the  b  end  to  the  loft, 
with  pieces  of  wood  or  cork  in  all  the  spaces,  exocpt  the  end  j  6, 
to  support  the  disks ;  tlie  end  of  tlie  wire  is  to  be  pacsod  through 
a  hole  in  disk  },  and  secured  in  the  space  2,  j  for  joining  to  the 
wire  which  is  to  fill  tliat  tipace,  and  then  wound  in  the  spaoe  1  b 
so  as  to  form  a  helix  oorrmponding  to  tltat  of  the  primary,  with 
tbR  precautions  as  to  insulation  doBoribod  §  ii}o.  filltii^  upto  the 
elliptic  outline,  and  leaving  the  end  out,  for  oouuecUou  to  the 
termiual.  Next  fill  up  the  space  1-2  in  the  same  way,  Now 
(urn  lilt  r«et  end  /or  end  in  the  frame,  bringing  it  aa  it  ia  in 
Fig.  102  ;  and  fill  np  the  other  two  spaces,  joining  the  wiia  to 
the  ends  left  in  the  spaces  for  that  purpose ;  tlien  the  Bpirea 
will  111!  be  in  the  same  direction  and  be  a  ooutinuous  helix, 
wh<in  the  two  ends  at  partition  1  arc  soldered  together. 

The  object  of  this  construction  is  to  concentrate  the  streoMf 
at  the  ends  of  the  coil,  where  insnlntion  is  most  easr,  and  to 
■eoure  the  most  perfect  insulation  where  mop-t  required.  In  tha 
oonmon  oonstruotion  with  tlie  seoondury  wound  baokwardfl 
and  forwards  from  end  to  end,  aa  in  Fig.  105,  it  ia  obvious 
that  a  great  length  of  wire  iutervenea  between  the  proximata 
ends  of  two  aeparaie  Layers,  and  there  ia  great  rink  of  a  H]iiu-1c 
breaking  thmngh  the  insulatiuu. 

1 1  JO.  Iiimlation  of  Seeondary. — The  wire  itself  should  be  ailk- 
oovered  ;  it  should  bo  well  baked,  layed  on  while  quite  dry,  and 
is  bettor  for  Iwing  paraQlned.  Between  each  layer  an  insulating 
film  is  spread,  wliiuh  IS  usually  made  of  several  tUioknessea  of 
gnttaperoha  tisBue.  but  it  is  doubtful  whether  good  paper 
paraffined,  nuoh  aa  is  used  for  the  condenser,  ia  not  better.  The 
beet  mode  of  applying  either  is  to  cut  it  in  long  slips  half  an 
inch  wide,  fix  lue  end  over  the  end  of  wire,  and  wind  spirally, 
so  that  the  strip  overlaps  half  its  width.  On  reaching  tbo  end 
or  partition,  the  apiice  should  be  perfectly  filled  with  softened 
paraE&D ;  the  strip  should  thou  bo  folded  back  on  itself  aViM^  *^ 
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the  wftll  of  the  space,  und  wound  ttjiiriJIy  back  lialf-wuj-  ujj  t!ie 
Bpnce,  80  M  to  give  two  tbic-kneeBes  of  paper  where  litllo  insula- 
tion is  npeded,  and  four  where  it  is  moot  retjiiireiJ.  In  long 
Bpacee  or  iindividod  cdilB,  thu  Btrip  bIiouU  be  returned  two- 
tnirds  of  the  length,  aiul  again  for  one-third,  ao  as  to  liavo  nix 
tbi<^kiie6SCB  at  the  dungeroiia  euda.  If  parafHueJ  pitper  is  utmA, 
the  final  ]iroc«eH  will  make  all  secure,  but  if  guttapercha  is 
cmployod,  it  will  be  an  improvement  to  paint  round  the  ondit 
at  each  layer  with  nhellac  cement.  Some  paint  the  whole  wire 
thus  when  laid,  but  this  renders  it  next  to  impossible  ever  to 
remove  the  wire  if  desired.  Guttapercha  dissolved  lu  benuole 
or  in  oil  amy  be  used  instead  of  shellac. 

When  tbe  coil  is  completed,  similar  external  insulation  should 
ho  employed,  filling  up  the  outer  dotted  line.  Fig.  102.  Tbia 
should  be  of  an  aii'-proof  nature,  such  as  paraffined  paper  or 
solid  guttapercha,  otherwise  the  guttapercha  sheet  is  apt  to  be 
de»truyud  by  the  action  of  tho  air.  If  parafBn  insulation  is  used, 
the  coil  should  be  slowly  warmed  for  some  hours,  and  then 
suturated  with  meltod  paraffin  before  applying  this  external 
covering, 

1 1 }  I.  The  otmlinttily  of  the  icire  should  be  cnrefiilly  watohod 
throughoutjMdoacriljed.S  1 152  (7),  or  at  least  tested  oseaohlnyor 
is  eonipleti-d,  lest  any  break  should  occur  unnoticod.  It  is  also  a 
great  udvaulage  to  test  the  growing  inductive  oction  as  tbo  ooil 
progressfs,  which  is  one  reason  olaii  for  building  it  on  tho  ooro 
Itself.  At  tbe  earlier  stages  this  may  be  tested  by  a  snitnblo 
gttl van 0 meter,  coniieottng  up  a  single  Daniell  cell  to  tho 
primary,  with  a  hand  contact  key  interposed,  and  obaorving 
tlie  deneetion  prolMced  on  making  and  broakiug  contact:  when 
the  ooil  hait  so  far  i^rogreased  as  to  give  sparkH,  a  dincharger 
may  be  nai'd.  and  the  break  key  nhuuld  have  tbo  oondonocr 
atraL'hed.  The  increasing  spark  can  be  thus  watoliod,  and  any 
accidental  failure  of  insulation  at  once  detected  liefuro  it  la 
covireil  up.  Tlie  construction  of  a  laigo  ooil  is  a  matter  of  iiu 
much  labour  that  these  precautions  are  of  great  consequence. 

1IJ2.  The  Break.— Th^  oonstmotion  of  tliia  is  simple,  but 
involves  im]>orlaut  principles.  Its  objects  are  (i)  to  close  the 
battery  circuit  fully,  with  as  little  resistance  as  posailJe,  This 
requires  a  good  contact  surface  at  the  platinum  points  and  a 
strong  pressure  of  the  spring.  (2)  To  maintain  the  ountaoi  till 
the  core  is  fully  magnetized.  This  requires  the  resistance  of  the 
epring  to  be  just  sufficient,  so  as  not  to  allow  the  armature  to 
bo  moved  until  the  lull  magnetism  is  approached:  for  this 
reoifon  it  is  dosirablo  to  place  the  point,  as  shown,  at  some 
j^ivMltCe  dowB  tho  spring,  which  then  assumes  a  curve  before 
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actunlly  do§troyiiig  contact.  To  nssiiit  this  the  sprinf^  may  be 
of  tftper  form,  thiDiiing  away  lowardu  tho  upper  end.  (jj  to 
break  oontfict  as  sharply  and  complutoly  ns  poseible. 

II}}.  The  armature  niuitt  be  of  thv  host  eoft  iron  and  a> 
ma^aivo  as  the  core  itself;  it  in  fact  acts  as  a  pruloiiKatioii  of 
the  core,  and  assists  the  inductivo  actions.  Tho  oonstructioa 
ia  ahown  b,  Fig.  102,  tho  spring  is  Hociirod  to  »  hra«s  bracket. 
wbioh  carries  also  a  eet-«crew,  by  which  tho  distaDco  between 
armature  and  core  mu)  tho  roMiHtanoo  of  the  spring  are  adjiiatcd, 
A  similar  but  highor  bniokut  carrios  11  screw  pointod  with 
platinum,  and  provided  with  a  lotrne  wrt-nut  to  prevent  its 
Bhifting  with  tho  vibrntioiis.  The  platinum  should  bo  soldered 
ill  position,  but  cure  must  l>c  Inken  that  no  wililer  runs  ovor  it. 
A  bole  should  Iw  drilled  in  tho  point  of  tho  Bcmw,  and  tinned 
by  means  of  a  pointed  wire,  and  the  platiuuia  wire  f^ntorod 
firmly  in.  The  piece  on  tho  spring  may  bo  a  piece  of  thick  wire, 
in  which  cose  n  nolu  shnuLl  be  drilled  in  tho  spring,  in  which  a 
redaood  end  of  the  platinum  may  be  enlerod,  riveted  np,  and 
touofafid  with  solder  ou  tho  back.  A  piece  of  stout  sheet 
platinum  may  be  naed,  tn  which  case  the  spot  it  i«  to  otxaoy 
bthoold  be  tinned,  tho  platinnm  placed,  and  the  iron  carefully 
applied  round  the  edges.  Platinum  requires  to  be  moistened 
with  flux  to  enable  solder  to  lake  readily. 

For  Bonie  purposes  a  break  worked  by  hand  or  lueclmiiism  is 
useful,  and  consists  of  a  spring  presain^  ou  a  ratchtit- wheel 
revolved  at  a  fixed  rate.  This  may  be  interposed  between  the 
ooil  and  balti-ry,  tho  or<linary  btook  being  screwed  up. 

il}4.  tSereuri/  Brenk. — Tho  mere  o^ntact  of  tho  point  against 
the  spring  makes  imperfect  circuit,  bo  that  for  large  coils  a 
better  contact  is  obtained  by  using  a  wire  dipping  in  and  out 
of  mercury;  it  may  Im  morod  in  (ti-vural  ways:  (1)  a  copper 
wiro  can  he  attitched  to  the  top  of  the  vihrutiog  spring  of  the 
usual  break.  Pig.  102,  and  l^ent  over  ho  ao  to  dip  intu  a  vessel 
of  merciiry  1  (3)nn  iron  rod  may  tie  fixed  ou  tho  top  of  a  wooden 
pillar :  a  spiral  of  cijp]K'r  win?  of  the  nauio  gauge  as  the  primary 
wire  is  wound  loosely  around,  hu  as  not  tu  touch  tho  iiun,  and 
to  extend  to  twice  its  length :  the  uppur  jjitrt  of  the  Mjiiritl  iM 
connected  to  the  circuit,  while  tlie  lower  end  is  beut  out  and 
made  to  dip  into  the  mercury  oiip.  The  pausing  current 
magnetize*  the  iron  and  ooutraota  tlie  apiral  so  as  to  lift  the  end 
of  tho  wiro  out  of  the  meroury. 

The  mercury  cup  should  have  a  copper  rod  in  its  bottom,  by  ft 
screw  on  which  its  hoight  can  bo  adjuated:  tJie  mercury  may 
lie  rendered  leas  mobile,  by  having  ailvor  dissolved  in  it.  and  it 
sltoiild  l>e  covered  with  alcohol,  or  with  paraffin  oil;  tbia  serves 
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two  {mrposea:  It  prevenU.tlie  mcroury  Boattering,  aud  by  itw 
higher  atrosB  eudnrauce  preveuta  th«  fonnatbn  of  tha  spark  iiud 
Btops  the  extra  current :  the  end  of  the  wire  should  have  n  atout 
platintim  wire  fixed  to  it,  and  the  cup  should  have  a  cover  with 
a  hole  in  which  the  wire  oau  play  freely.  Such  a  hmak  tuny 
be  made  itidepetideut  of  the  ooil  ourreut  by  beiug  worked  from 
an  independent  cell,  or  tiieohaiacaUy,  in  whioh  case  two  mercury 
cups  may  be  used,  with  a  bridge  of  wire  moved  by  theapparatua 
and  making  actual  break  in  only  one  of  the  cupe. 

1 1;5.  The  Condetner  ia  made  as  described  $  S4,  but  for  small 
coils,  good  paj>er  well  dried  will  answer.  The  area  of  foil 
depend*  upon  the  battery  power  to  be  usod.  incronsiug  with 
this :  if  the  crindeiiser  capacity  is  too  great,  tbe  spark  is  roduoed, 
possibly  by  the  aoliun  referred  to  8  109.  The  best  wTiy  to  find 
the  proper  size  is  to  connect  it  to  the  coil  while  making,  and 
t«st  ihe  t'ffoct  of  each  added  pair  of  sheets  on  the  break  and  the 
spark  produced. 

ti)6.  Oil  insulation  has  reoontly  been  applied  to  condensore 
by  Ur.  Swinburue,  in  a  manner  which  promises  good  results : 
lie  uses  "  butter-skin  "  paper  between  the  foils ;  this  is  n  fino 
tiiwue  papi:r,  prepared  with  pnrulBn.  When  the  condensiT  it 
built  up  liu  hnats  it  for  a  tcuig  time,  under  presHUro,  and  thon 
allows  imnvflin  nil  U>  enter  and  fill  up  the  whole  spaoe.  Of 
course  tiiL-ro  mu«t  be  a  oaeing  wliioh  prevuuts  escape  of  oil. 

HJ7.  The  two  faces  are  oounocted,  as  shown  Fig.  loa,  to  the 
spring  and  screw  of  the  break.  Its  ftiuotiun  is  to  absorb  tbe 
"  extra  currvnt"  of  iho  primary,  as  is  slmwii  by  the  veduotion  of 
the  spark,  which  would  otherwise  destroy  thu  platinum.  Thi« 
^H  enables  the  core  to  lie  quickly  demagnetized,  aud  the  obar^e 
^1  reinfurL-ea  the  battery  cnrrent  at  the  next  close  of  the  circuit, 
I  Tbe  effect  in  to  prevent,  energy  being  uaeleaslv  expended,  and 

^^  to  traunfer  it  to  the  secondary  wire  sh  exulained,  i  95S,  and  the 

^H         oapat^ity  neudn  to  be  just  eijuul  to  doing  tnis,  and  the  better  the 
^B         break  dm-s  its  work  the  loss  the  capiiuity  ueeilcd. 
I  iij9.  SimiiU)  Coiulruclion. — Very  effective  coils  may  be  made 

^^         by  careful  work,  depending  upon  well-selected  paper,  |  84,  aud 
^H         paraffin  :  success  depends  upon  securing  absence  of  moisture  b^   ■ 
^1        baking  at  intervals,  which  is  best  done  iu  a  leater  oven.    This  ■ 
^1         can  be  constructed  of  a  tin  cylinder  standing  in  a  saucepan  of 
^™        water ;  a  little  hole  iu  the  cover  of  the  cylinder  should  bave  a 
f  piece  of  pipe  fixed  to  it,  so  that  by  holding  a  piece  of  cold 

^H  glass  against  its  end,  the  absence  of  ooudensed  moisture 
^H  will  prove  dryneee.  The  core  being  made  in  a  paper  tube  as 
^^^  described,  S  1133,  the  ends  should  be  fitted  firmly  on  it,  tbe 
^^B     priutary  wouitd   on,  and  the  insulating  tube  oomuieuced  by 
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windinfc  od  Btrim  of  p&por  of  whioh  tho  first  Iay«r  or  two  but  ' 
bv  {iast«d  with  msli  flonr  puto;  this  is  allowoil  lo  dr^-  and  well 
Wked :  tba  aeoondu-y  in  to  be  wuuud  on,  aud  inHiilatbd  &a  in 
S  iijo,  vritb  piijiur  Ktripit  not  parafGued:  tl)«  finiiibed  coil 
should  bo  «as(Ml  with  pajwr  strips,  pasted  here  and  there  and  at 
the  ends  tu  buUl  lliem  iu  plac^.  then  haked  slowly  tilt  quite  dry, 
boiled  till  fully  »i>aked  in  the  paralDu,  auil  allowed  to  cool  slowly. 
It  ia  well  to  make  the  coil  in  tliis  way  with  thiu  inner  onda 
which  oan  be  laade  of  paper  pasted  tojfether  and  dried  and  mndft 
to  the  exact  size  Tequirea  :  the  coil,  thus  oomplete  in  itself,  can 
then  be  mounted  in  ends  of  woods  or  other  material  in  which 
recesses  Are  turned  to  receive  it.  This  plan  is  bettor  than 
using  strips  of  paper  paraffined  first,  as  this  is  apt.  to  be  brittle  ; 
bat  if  this  is  preferred,  the  wiro  should  IJrst  l>u  liiik«d  and  »onkod 
in  paraffin,  or  ran  through  it  as  wound  on :  the  paper  in  this 
case  should  be  warmed  as  it  is  applied,  to  diminish  its  stiffness 
And  brittlen^ss. 

11)9.  VUc  C(»U. — The  gahdivtsion  shown  in  Fig.  toiis  some- 
times (^oatty  extended,  the  Beotionx  l»eiug  only  un  eighth  of  an , 
itii^h  wide.     In  thid  frnxo  they  ithould  bo  made  lU  paiin  upon  tba  J 
aiime  priuoiptes  as  iin  osplaiued  $  1139;  they  should  bo  madeJ 
t()  alide  over  the  primikry  iuoloaed  In  a  straij^ht  tube,  and  the^ 
increasing  thiokne«K  obtiiinud  at  the  ends  by  putting  additional 
material  in  before  the  wiro.      The  beat  nrooeits  is  to  make    a 
mandril  of  the  projitTr  iiiao  with  two  m«lal  ohi-eks  of  the  sine  of 
the  ooil,  ono  lieing  movable :  a  disk  made  up  of  paraffined  paper 
is  placed  against  th»  6xiid  uhuek,  then  the  oj'liuder  of  required 
thioknesa.  tlien  another  disk  through  the  inner  part  of  which  an 
end  of  tlie  wire  is  passed  :  against  this  the  oiher  cheek  is  fixed 
so  as  to  form  a  narrow  reel.     The  wire,  which  should  be  paraffined, 
is  now  run  on  io  na  to  fill  this  space,  when  boiling  paraffin  can 
bo  ran  in.whioh  cooling  will  make  a  solid  raa«B. 

The  movable  cheok  is  then  to  be  taken  off,  another  cylinder 
and  disk  added  so  as  to  form  another  reel ;  tlie  mandiil  \»  then 
reversed,  fresh  wire  joined  to  the  end  left  on  at  first,  and  run 
nn  as  luefoni,  This  pair  of  sections  has  two  ends  on  tbeoutsida, 
and  can  be  placed  on  the  primary,  to  bo  foUowud  by  others 
■iniUarly  constmcted,  and  when  complete,  the  onttr  ends  of  the 
w^ires  are  .joined  together  iu  ono  continuous  circuit,  the  whole 
warmed  and  treated  with  paraffin,  as  in  S  1 1  jB.  It  will  be  seen 
that  nn  this  plan  the  disks  replace  the  insulation  between  the 
hiyors.  because  in  these  there  is  comparatively  little  difference  of 
potential. 

1 140.  Dutehsiohs  or  Coiis, — It  is  not  posaible  to  give  exaot 
figures  to  attain  definite  results,  as  much  degeuda  ou  <:ax%  NXt^liiM 
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mftkiiie ;  aj*  a  rule,  1  lb.  of  wire  of  No.  )£  size  shonld  give  i  inch 
of  spark;  but  beyond  18  inches  in  length, large  ooilsnrely  come 
iip  to  this  ratio.  The  following  figures  may  be  naefnl ;  theyare 
taken  from  records  of  coils  actually  made. 
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The  two  last  are  disk  coils,  and  the  last  is  that  of  Mr.  Brown, 
of  which  fuller  piirticulare  will  be  found,  §  ii47. 

The  criuduusers  reijulro  about  twuuty  tthcM^tii  uf  foil  for  m mall 
itixeis,  rising  to  fifty  iir  nixty,  tho  h'ixv  being  ituok  w  will  go 
under  the  base  of  the  iustrumout. 

1141.  Th8  Laws  of  Cojta.—Many  people  think  thatforcois 
generated  lit  induction  ooile ;  but  like  all  othc-r  u]i|iaratu!i  thuy 
»re  mero  oonverters  of  energy,  aud  always  rtttum  leas  lliaii  ih 
ttupplied  to  them.  The  prinoiplea  invulved  will  Iw  found  in 
j  504  and  thruuKhont  the  chapter  on  ciirrenl. 

114J.  Thf  effects  of  a  ouil  depend  u]h>ii  the  site  of  tli4 
■ecoudaiy  wire,  and  its  leuglh,  S  1129.  Site  or  Ihiekneti  of 
spark  dejieiida  on  the  Ihickneu  of  the  wire:  len'jlh  uf  tipitrk 
dependtt  on  len'jthot  wire;  the  laws  are  in  fact  the  aamn  ua 
those  of  batteries  and  of  the  heatinR  of  wives.  We  may 
reK^ird  each  tnru  of  wire  as  an  olectromotor  aualoji^us  to  a  cell 
of  a  batUiry,  or  to  a  thermo' electric  couple.  At  each  eection  of 
the  Qoil  equal  E  M  F  is  developed  in  each  tutn,  whether  close 
to  the  core  or  at  the  outcide  of  the  coil ;  but  the  distinction 
must  he  remembered  betwci'u  tlio  E  M  F  developed  in  the  turn, 
and  the  efloct  produced  externnlly  bg  the  turn  :  this  will  corre- 
Bpond  to  the  actions  of  n  htrgc  or  small  cell  of  equal  force,  and) 
therefore,  the  inner  turns  exert  more  energy  than  the  outSFi 
because  their  own  resistance  is  loss  in  the  ratio  of  the  lengths. 

1 14}.  Ho  also  the  E  U  F  developed  tii  the  turn  i«  independent 
of  llio  nature  of  the  metal  of  the  wiro,  but  aa  the  effect  produced 
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I  dcpancls  on  the  reaiatancoa  as  well  im  tho  13  M  P,  wire  of  high 
I  oondoetivity  ought  to  bo  nsod  ;  it  will  also  dordop  Ices  intflmal 
heat.  It  in,  however,  a  quostion  whothor  iron  may  not  form  an 
exooption  to  this,  bocauso  being  mAgnotic.  it  wgnlil  form  part 
of  tho  ontor  field  of  tlie  core,  inorowting  the  pprnicnnrc,  and  it 
woiihl  absorb  energy  in  being  magnotizod.  which  it  would  give 
np  within  it«elf  ns  current,  but  it  is  di^nibtful  whether  this 
woiiM  countorlinlnnco  tho  di»advnntJigo  of  tht;  rxlra  I'CBistaiicv. 

1144.  C'oile  inuy  1h!  iinilcil  ns  ctlli<  uri',  iinil  upon  tho  name 
tan»,  and  it  would  soom  that  luoro  effect  would  bu  obtninod 
fruiu  the  Bunic  mutcriaU  and  currcnttt  npplicd  in  four  colls  of  a 
foot  long  than  in  one  single  coil,  but  coiIb  to  tie  bu  coupled 
would  require  very  (lorfoct  inenlation.  Thoy  may  iiIbo  bu 
JdIiioiI  iti  :iiultipIo  nrc,  nnd  so  iucruiso  the  quantity,  or  thick- 
nuMH  of  spark,  hut  the  coils  niuet  ho  eimitar  in  constxuction  and 
foi-GC  In  these  cneos  each  coil  should  havo  iUt  own  Imttery,  but 
•11  the  hrenks  should  he  screwed  down,  And  a  sepurute  single 
break  ineertud  in  a  common  lotum  wire  so  as  to  net  on  all  at 
onoe. 

1145.  WOOSTISO  CoiLa. — In  Fig.  loa,  d  is  a  (Juh  of  glaM, 
ebonite,  or  prepared  wood,  fixed  upon  the  endn  of  the  reel, 
forming  a  frame  tlte  ndes  of  which  may  be  advantageouBly 
closed  with  glass,  ao  as  to  protect  the  coil  from  damage  oy  dost 
nnd  dam]> ;  a  tubo  in  the  middle  of  d  carries  a  fining  table  of 
ebonite  ;  and  the  two  pillars  -)-  nnd  -  connected  to  the  tenniuala 
of  the  secondary,  constitute  a  universal  dint^harger :  they  are,  tu 
fact,  an  elongated  binding-screw,  to  which  wir^w  to  any  apparatus 
may  be  attached.  They  terminate  at  iho  top  with  a  hpherical 
e*«cket,  forming  a  universal  joint.  The  rods, carrying  wires,  4c., 
slide  in  a  tube,  ao  ibut  their  distance,  position,  Ac,  are  under 
jierfect  control. 

In  inofit  ciiil»  these  pillars,  or  insnlated  bindingHM;rcw8,  ara 
pliirad  on  tho  ntand  nt  the  end  or  the  side  of  tho  coil,  but  tho 
urrongenieut  shown  is  much  moro  convenient  for  Inrgo  coils. 
The  two  ends  of  the  primary  pans  down  through  tho  stand 
nutsjdo  ihe  end  of  the  reel  at  b,  the  inner  is  conncolcd  to  the 
spring  of  the  break,  and  by  it  to  tho  binding-sercw,  ns  shown : 
till!  outor  end  goes  direct  to  the  other  binding- screw. 

■  14I3.  It  ia  [letter  to  have  a  commutator  on  tho  ntand  to 
rerome  or  cut  off  connection  with  tho  botlory,  Tho  best  con- 
ntnictioD  ia  shown  full  size.  Fig.  104,  e  is  a  circular  or  elliptic 
block  of  wood  or  ubonite,  with  a  chock  on  each  i>ido  projectiDg 
beyond  opposito  ends  of  the  diameter  to  afford  a  fnatening  for 
the  metal  portion.  This  consists  of  two  similar  pieces  of  brass, 
r  (J,  which  may  he  built  up  of  several  parte  or  cast  in  one,  ns 
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ehowTi,  These  form  llie  axi«  on  which  the  appaiataa  wove*; 
oiicili  is  siii)purt«<l  by  u  luulal  bracket,  couuected  to  a  Hpring 
+  or  —  by  which  the  current  enters  and  ie  carried  by  cd,  to  the 
epiings  a  6,  by  which  the  current  iflsues,  that  one  becoming 
Iioeitive  against  which  e  is  turned :  when  the  handle  ia  vertical 
neither  spring  in  touched  and  the  current  is  cut  off.  The  springs 
sliuuld  be  fixed  Ui  small  brackc^ts  with  stems  to  pass  through 
the  fuuudatiun  plate  of  the  instrument,  and  are  to  be  used  in 
place  of  tlie  prinotpal  binding-screws  for  all  connections  directed 
to  be  made  to  these. 

1147.  NatBD  Coil*. — (i)  Rhamlcorff  constructed  some,  oon- 
tainiug  about  £0  miles  of  secondary,  which  with  i  Bunsen  cell 
gave  3J  inches  spark,  and  16  inches  with  7  cells. 

Fio.  lU. 


(2)  Sitehie  made  one  for  Oassiot,  the  core  18  inches,  1  j  dia- 
meter ;  the  wire  covered  with  guttapercha  -^  thick ;  the  priina^, 
9  ^•I'ge.  >50  feet  in  three  layers.  The  seooudary  in  three 
cylinders,  each  g  inches  long,  made  of  guttapercha  y,,  thick;  the 
wire  of  the  middle  one,  31  gauge.  11,500  feet  long;  tlie  others 

tof  35,  each  25,575  ^^^^  There  aro  three  oondeuBern,  of  50,  100, 
and  150  feet,  capable  of  oouibiuatioD.  With  5  BuiiBone,  each 
coil  gave  a  spark  of  5  inches;  the  three  gave  I2|  inches. 
(3)  Siemm*  and  IlnUke, — Made  with  a  great  number  of  par- 
titions of  sheet  ebonite,  containing  flo  mues  of  eooondary,  and 
gave  sparks  from  1  to  i  feet  in  length. 
(4)  YeaUa'. — In  two  compartment*;   ooro  ai  inches  by  ij; 
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prim&ry,  i3  gauge  in  a  Uyen;  •eoondory,  No.  3I),  in  ^5  lnj<^rM, 
making  55,000  tnniK,  iiinilatod  with  gattapcrchn  ti«Niie  and 
paraffined  paper,  toj  mil«e  in  length,  and  ioJ|  lb.  in  weight; 
wndeuBor  66  8hwi§  of  foil  11  X  39,  with  parftifiiied  paper. 
With  5  tiroYo  cclU  it  gavo  t]|  inohoB  epsrk. 

(5)  Ladd't. — Core,  i  foot  long,  i*8  inch  diunwitsr ;  primary, 
1 2  gauge,  50  f  ardH  in  three  )nyeri» ;  eocondiiry,  j  miles,  No.  35, 
in  Wjent  from  end  t«  end,  each  Mepuratod  with  five  or  aii  •heeta 
of  guttapercha  tisniie;  ouudonaer  50  sherts  of  foil  18  X  S  on 
vikmifiheil  paper:  gtvca  5  inchon  i-park  with  5  BiumenH.  One 
constructed  for  Dr.  BohinHou.  witn  two  secondary  coils,  eaoh 
5690  yards,  or  togethrr,  6  miles  810  yards,  ix  said  to  give 
apuTka  3'04  inchos  with  one  cell;  5*06  with  two;  6*45  n-itti 
thrue  ;  7 '65  with  ftmr;  and  8'  j8  with  five  cells. 

(6)  J7ie  Polytechmc. — Length  from  end  to  end,  g  feet  10  inohea; 
diuueter,  2  feet ;  weight,  15  owt.,  containing  477  lb.  of  ebonite. 
The  core  5  feet  long,  of  No.  16  wire,  4  inches  diameter,  133  lb. 
The  primary,  145  111.  of  1  j  ('0925)3770  yards,  making  600  turns 
in  strands  of  j,  6,  and  13  wires  ;  total  resistance,  z'3014  ohms. 

The  secondary,  606  Ih.,  150  luilee  long,  and  raaistauoe  33,560 
ohms,  ou  an  ehonite  tube  \  iucli  thick  and  8  feet  long,  the  ooil 
itself  oocapj-iwg  54  inches  in  the  middle  of  the  tube. 

The  coudeoser  was  in  aix  ports,  each  oontaiuing  1 2  5  square  feet 
of  foil.  The  ooil  gave  ii-inch  sparks  with  5  large  Biinsens, 
and  19  inches  with  50  cells.  Particulars  of  experiments  may 
be  found  in  Ko.  5 1 }  of  the  Chtmieal  tftiM,  Sept.  34,  1 869.  This 
coil  did  not  endur«  long  and  is  broken  up. 

(7)  SpoUittBoode't. — This,  made  by  Apps,  has  two  inducing 
eystemo,  (1)  for  long  thin  sjmrks,  core,  44  X  35  inches,  weigh- 
ing 67  lb. ;  primary,  660  yards  of  -096  wire,  weighing  55  lb.,  in 
6  layers  and  1  )44  turns,  with  resistance  2-j  ohms,  (2)  Core, 
44  X  J "8  inches,  weighing  9a  lb.  Wire,  504  yards,  weighing 
84  lb',  in  3  layers,  each  forming  a  distinct  circuit, 

Th«  secondary  is  3B0  miles  long,  with  resistance  iiO,300 
obma.  It  is  in  4  sections,  with  200  Uyent  in  each,  and  a  total 
of  341,850  tnrns. 

The  condenser  is  1 16  sheets  of  foil,  1 9  X  SJ  inches,  separated 
by  Tarnished  paper  -on  thick.  With  5  fjiiart  Grove  cells  a 
■park  of  16  inches  is  obt&iued,  35  inches  with  10,  and  41  with 
30  cells. 

(6)  Mr.  J.  Brown  of  Belfast  has  made  a  coil  on  the  disk  plan, 
giving  very  good  re&nlts.  The  core,  18  x  i'5  inch  of  No.  33 
obaiooal  wire,  has  a  primary  of  -i  wire,  7)  yurda  in  }  layers, 
making  460  tunis,  in  a  Tulcauite  tube  \  inch  thick. 

The  secondary  is  ;  lb.  5  oz.  No.  )£,  and  7  ok.  Ko.  };,  5^^  miles 
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long,  with  5}io  olims  reuai'sUitioe,  wound  in  44  diaka,  each  about 
i-}2ii<1h  or  '  1  inch  thick  ;  thoBe  in  thu  midillt;,  3  inch  int«ru»l 
diameter  nnil  ^'^  oxterunl ;  nt  the  ends  )'2J  uid  $.  The  wlrb 
wus  wountl  on  ttiruiigh  multed  parafGn  and  tho  disks  mnde  of 
4  thickni^Bsee  uf  thiu  unsized  paper,  And  the  eecuudary  only 
oouiipied  5'5  inches  of  the  middle  part  of  the  core.  The  con- 
denser is  48  sheets,  9  X  £i>  separated  by  3  she«I»  uf  paniffiii«d 
paper.  Sparks  of  5^  inches  wore  obtained  at  tiret,  but  by 
oovering  the  secundury  wiih  j-Sths  of  paraffin,  Uiuy  were  in- 
creiuHed  Ui  S  inchen  wiiE  5  Grovis. 

1149.  Medical  Coils. — These  depend  on  the  name  principle 
ao  tipark  ooils,  but  give  pulsutiouB  of  oumjiiiratively  small  foroo 
but  largor  quantity.  For  thiu  purpose  the  "extra"  current  of 
the  primary  itself  should  be  utilised,  and  stouter  aeoond&ry 
wires  emplu,ve<).  Agrcat  variety  of  arraiig«iiiButH  are  employed, 
vertical  uud  horisontal.     Fig.  105  shows  thu  most  oonvenient 
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plan,  in  which  a  current  in  one  direction  only  (tbut  of  brcatuDg 
cironit)  is  given  off.  By  moans  nf  the  pom  mutator,  which  em- 
ploys different  lengths  of  wire,  the  energy  onn  bo  varied,  and 
the  sliding  tube  over  ihe  core  cuntrols  the  force  of  the  shock 
produced,  with  tlie  great«et  nicety.  The  action  of  thi«  tube  is, 
priictically,  to  shorten  the  core  us  fnr  as  it  covers  it,  bo  far  as  it« 
inductive  roaclions  are  ooncorned,  by  enabling  the  induced 
current  to  form  in  the  tulw  itself  instead  of  in  tuc  wire  outaido 
it.  The  following  partioulurs  relate  to  a  coil  6  inohos  long  in 
the  oore. 

1 1 49.  On  a  mandril  about  an  inch  diameter,  Blight ly  tapering, 
make  a  pusteloard  tube  of  throe  or  four  thioknesses  of  brown 
pajier.  and  form  a  reel  by  gluing  on  this  two  tnmed  ends  of 

iiiiohes  diameter,  leaving  a  B[>ace  of  5  inches  lietween  tliom. 
'here  sliould  be  a  groove  on  the  inner  (aces  of  the  ends  towards 
the  edge  which  ia  to  be  secured  on  the  stand  (and  whioh  is  there 
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nlighily  tlaltrtioil)  fur  tbd  wiru  viidv  to  lio  in.  Lay  on  four 
oDMtitiiioiiK  layers  uf  Ho.  i8  oott^maov^irvl  wirv,  and  bring  ont 
MvonI  incboe  of  the  etiiU,  ualling  tiio  ianor  end  i,  aiid  the  outer 
fiud  2.  To  2,  juflt  wliem  it  It-uvuM  tiie  uuil,  join  a  length  of  No. 
31  or  3A  wire  which  will  ooinmenuo  the  scctindury;  when  four 
layon  ot  tbi>  are  ]>Uoud,  bring  out  iho  end,  calling  it  No.  ),  and 
jmning  to  it-,  ax  before,  a  oou  tin  nation  of  So.  36  or  aS,  calling 
lU  oular  end  Xo.  4 ;  to  which,  if  <lt»irod,  a  further  length  of 
finer  win;  may  be  added.  All  lh«  wires  may  be  ooltim'Ooyorod 
and  xhoutd  \x>  GOaked  with  paralBn  bufore  or  after  laying  ;  bat 
■ilk -covered  wireu  give  higher  offL-ols  from  &iuall«r  dinionRtons, 
l«wi  wire,  and  lower  battery  {lower. 

1 1 50.  A  hruae  tnlxt  1  in  cut  to  iilide  freely  within  the  priniBry 
tube,  and  at  one  end  a  ihin  piece  of  metal  ia  eotderod  within  it, 
to  aerve  aaa  stop;  a  bundle  of  soft  wires  is  then  ]>acked  within 
the  tulie.anda  ring  fitted  ujion  its  inner  end  toabatagBtDBtthat 
juMt  duHcribed,  and  prevent  the  tube  from  buing  drawn  entirely 
off  the  core  by  thft  tmudle  (,  filtiHl  to  the  tnlic  itaclf  at  the  tamo 
end;  the  other  end  of  the  core  in  then  jiruwid  through  and 
aecured  to  the  farther  end  of  tlie  ooil  b,  by  wedging  and 
cement,  and  trimmed  off  vmooth  to  work  the  break  b,  which  i» 
ilmilar  to  that  described,  it  ti]a.  Fig.  lOj  explaiuBtbeoonueo- 
tions:  +  ^nd  —  aro  tho  battery  acrews  ;  +  ia  oonneoted  to  the 
screw  of  the  break,  and  the  inner  end  of  the  primary,  i,  ia  oou- 
neoted  to  the  spring,  which  is  also  connected  to  a  — ,  one  of  th« 
■MOndary  binding-screws  ;  the  end  2  of  the  primary  is  eon- 
neoted  to  —  for  the  battery  circuit,  and  also  to  the  flrat  stud  of 
the  commutator  for  the  seoundary  circuit.  The  aeoondary  wiro 
is  abowD  in  Ktagce  ami  nnmlivrctl ;  it  bngins  at  2,  by  being 
Ktldor«d  to  the  end  ol  thu  primary;  tho  vnda  of  tlio  various 
lengtlia,  3,  4,  5,  are  taken  to  nucceuiive  iitnd*  of  tho  iwminutator, 
the  central  spring  of  which  ia  connected  to  «  4->  The  oum- 
ciutatur  biko»  up  eitlier  the  "extra"  current  from  the  |>nmBry, 
or  Unit  with  the  adJed  effi<ctof  the  buglliiiof  secondary,  accord- 
ing to  the  ntud  on  which  the  spring  is  placed.  As  arranged, 
that  necondury  biudiug-iorew  will  be  +,  which  is  on  the  same 
■ido  as  the  primary  screw  connected  to  the  4-  ]">Id  of  the 
battery  :  the  current  taken  up  is  in  the  auma  direction  as  thai 
of  the  batter}-,  I'n  the  cm'/,  therefore  if  the  innt^r  end  of  thu  wire 
ia  so  oonneoted  ua  shown,  the  outer  end  la  cf  cuiirse  the  +  oon- 
duotor  irom  the  ouil.  The  effect  of  thia  mode  of  couuoctiun  ia, 
thftt  when  contact  is  made,  the  battery  offeio  a  path  of  mncb 
lower  resistance  than  the  body ;  therefore  the  current  induced 
«t  making  contact  does  not  paaa  tlirough  the  body  which, 
transmitting  only  the  current  of  breaking  drcait,  ia  siiljjuctiid 
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only  to  the  influenoe  of  a  ctitreDt  in  quo  direction.    Tliia 
considered  of  great  iin]KirtanDo  in  aonie  catKi,  bnt  it  is  extremo) j 
donbtM  whollior  the  action  of  ooils  id  •  truly  electrical  one  «t 
all,  Ha  to  its  mediool  effeoto :  it  teeniB  jirobablo  tLat  these  kto 
principally  due  to  the  musciilur  contntclioos  ftnd  r«le«8e«,  toJ^^B 
internal  friotiunti  uid  luutioiis  thtu  produced,  and  couaeqS^H 
diBtiirbitnce  of  cungcHtious,  aud  stinitiUtion  of  the  nerves.     ^S^^ 
fihonld  be  taken    to  avoid    violent  shocks  or   pain,  and  it   !• 
important  that  the  break  should  work  with  a  »oft  linni,  nc 
frith  violent  .jorka.     This  ia  why  the  aclioa  of  coile  is  eaperiorJ 
to  the  more  jerky  shock  given  by  laagnoto  Riachines.  I 

1151.  Small  ctAU  may  be  inaae  tu  l>o  carried  tn  the  pocket,' 
Biich  as  art;  made  by  Gaiffe  of  Paris,  and  othors,  worked  ny  ono 
or    two   chloride  of   silver   cells,  §    32{,   fitted  np  uq  ebonit« 
cylinders  with  caps  to  screw  on.  and    working  by  the  li(|uid 
Bonkod  np  in  papor  between  and  round  the  pTatee.     In  theiM 
the  connections  are  made  by  studs  of  in«t«l  presaing  againat 
Bprings  fixed  on  the  inside  of  the  outer   case;   the  vibrating ■ 
spring  of  the  coil  is  similarly  attached  to  the  case,  and  the  coUM 
itself  is  looee  and  makes  its  ooanoctioDB  by  Ihfi  act  of  placing  in^ 
the  case ;  thoao  of  tbc  conductors  are  made  by  aplit  wircw,  at 
the  end  of  the  flexible  wire  cords,  which  are  pushed  into  motal^ 
tubes  let  into  the  caee,  and  the  graduating  tube  works  thronelil 
a  hole  in  the  side.     Siicli  coils  may  bo  made  even  i  iuohes  in 
length,  with  primary  of  12  wire  and  secondary  of  }o,  all  silk- 
covered  and  paraflined  ;   the  vibrating  spring  being  nuulo  oCj 
thin  watch -Dp ring. 

)iS3-  Manaokment  of  WiTiES. — TbiB  is  of  great  imporitun 
GKp^Ksially  in  cunstnioting  coils.  The  greatest  oaro  ia  r»inisit«^ 
for  there  is  little  sittisfaclitjn  in  spending  much  time  aud  labour 
in  winding  up  a  great  length  of  wire,  and  then  didcovering  that 
there  ia  a  break  in  it  at  some  unknown  point.  Th«  following 
precautions,  though  very  troublesome,  will  well  repa7  the 
trouble. 

(i)  Test  caoli  «el  of  wire  for  oontinnity,  by  sending  ourrvn 
through  it  and  a  snitAble  galvanometer :   if  the  means  orv 
BTftilable  the  roHistanee  can  be  noted. 

(2)  If  not  oenlinuons,  wind  upon  a  fresh  reel,  pawing  tb 
wire  throngh  the  6ngers  and  carefully  watching  it.     It  in  beet 
to  mount  the  reels  on  metal  iucuh  iigainf-t  which  a  spring  jiresseSi 
soldering  tho  beginning  of  the  wire  to  the  rod.    By  tliiH  nieMDfl 

{lermouent  t<wt  oui  be  kept  up.  and  measurement  of  realatADi 
ength.  Sec,  can  be  mode  at  any  titno. 

())  It  is  desirable  in  many  cumb  to  paraffin  the  wire,     {] 
should  bo  first  well  baked  till  all  moisture  iu  driven  off,  an 
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while  hot  sbould  be  dipped  into  the  iui'1Ui<I  paiafBD,  or  this  may 
be  poured  over  it.  For  fine  witva  the  pnrnfSii  may  be  thinned 
witn  tiiq>entine,  ur  benzoline,  which  will  prevent  the  wire  from 
being  much  enlarged.  It  is  deainble  to  wnrm  the  imI  of  win 
vrhen  it  i*  about  to  be  used  so  an  to  soften  the-  malorial. 

(4)  The  piiraffin  may  \ie  applied  while  winding,  by  paaaing 
it  nnder  »  roller  at  th&  bottom  of  a  tin  veMtd  contAinni);  the 
paraffin  kept  melted,  and  through  a  hole  in  a  cork  m  it  leaves 
the  vemel  U>  remove  excess;  the  wire  ought  to  bo  well  dried 
jnet  heforehauc], 

(;)  The  n-HiHtanue  of  the  wires  oliould  Im  tithen,  and  Doled; 
tlieii  by  measuring  that  of  a  known  length,  the  length  of  wire 
used  for  any  purpose  may  be  nearly  aaoertajned. 

(6)  In  winding  coils,  &c.,  it  is  desirable  to  ascertain  tho 
number  of  turnii  the  wire  makes :  this  may  be  done  with  a 
oouDter,  easily  made  up  from  such  wheels  as  sre  uitod  in  g«a- 
meter  indioea.  This  may  be  actuated  cither  by  an  attachment 
direct  to  the  end  of  the  axis  of  revolution,  or  by  an  electro* 
magnet  actuated  at  each  rvvolution  by  an  ordinary  cirouit-cloeer. 
The  beat  plan  is  to  have  a  worm  out  uii  the  winding  aztti,  to 
work  in  a  wheel  witli  100  teeth,  then  the  rort  of  the  work  can 
bo  fitted  up  witli  wheeht  aa  used  in  meter  indicxii. 

(7)  With  fine  wirea  a  constant  teat  for  continuity  should  bo 
maintAined.  The  beginning  of  the  wire  of  the  instrument 
should  be  connected  to  a  metalUo  cylinder  on  the  axis,  as  in  (3) 
above.  The  spring  and  that  of  th.e  wire  i-eel  are  oouneeted  to  a 
galvanometer  and  a  battery:  if  a  commutator  is  used,  tho 
current  need  not  be  continuous,  but  a  test  onrrent  oan  be  sent 
through  at  intervals.  This  checks  the  insulation,  aa  any 
MOadeutol  contact  will  reduce  the  resislanoo,  which  ought  to 
inorcaso  continually  as  the  wire  is  Ntraineil  by  winding. 

(8)  All  joints  should  be  carefully  made,  stripping  tho  wire, 
deoning  it,  tapering  the  ends  snd  tinning  them  ;  fine  wires 
should  then  be  carefully  twinted  together  ikud  Huldcred,  which 
is  best  done  by  means  of  a  piece  of  No.  lo  copper  wire  in  a 
bandits.  If  Ibis  wire  cri)s»i.-s  a  gas  Auine,  ihe  point  beyond 
(being  well  tinned)  will  act  as  a  uimvuniunt  eoldering-iroQ  for 
very  fine  work.  The  joint  should  \k  carefully  covered  without 
increasing  the  size  of  the  wire ;  this  may  be  efluotod  by  rubbttig 
the  warmed  wire  with  a  slick  of  cement  made  of  guttapercha 
and  resin  melted  together.  Only  resin  should  be  used  as  the 
ilux  in  soldering  wires. 

115J.  TuAWflTORMEKa. — Those  are  simply  induotioo  ooita 
arranged  to  work  with  largo  currents :  tbey  are  made  in  two 
classes. 
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(i)  Step  up  traii8fl>rraci*,  wLero  »s  in  Oixlirmry  ooilii  ft  Urge 
cnrroDt  at  low  volti^  is  converted  into  m  flmnller  ourreot  ut 
oomaspondingly  higher  voltago.  M 

(a)  AV-yrfoiPiitianstormere,  where  the  primary  cinMut  from  tb^ 
Honrve  nt  n  bieh  voltage  is  a  fine  wire  cirL-iiit  uf  many  turua, 
iind  the  sewmUry  wire  of  few  tnrDS  delivers  a  lurgor  carront 
Rt  n  lower  voltngCL  ■ 

Th<!  analogy  is  complete  tn  the  effect  of  gearing  eitlior  i,  a* 
large  wht^el  tii  ii  auinll  one  gainiiig  ajioed,  or  3,  u  small  wheel 
into  a  large  otie  ftt  ledn  sgieeil. 

1154,  111  hoth.  tbo  primary  magnetizes  the  core  and  xends  it 
energy  into  it,  while  the  aeoondary,  large  or  Hniall,  reueivea  " 
that  energy  and  iiend§  it  into  a  newdistiuot  drouit,  byin«ana< 
the  current  generated  by  tlie  actiou  dt-acribed,  §S  498-501, 

There  ia.  however,  thia  difiereuce  between  trans formera  and 
induL'tion  a-'ila,  t/iere  is  w  break :  the  ooil  works  with  an  inter-' 
mitting  current,  broken  circuilaaud  resulting  s|<arks ;  the  trans- 
former woi  ka  with  an  aUematiag  current  and  boih  oirouita  alwa) 
olosed. 

1 15;.  Aa  a  conaequeuoe  ttio  onrront  is  an  undnlatory  one 
Blterrmling  direction,  but  iho  only  losaca  of  energy  arc,  i,  th4 
boating  ot  the  two  wires;  a.hystereHis  in  the  iron  ;  j,  Poucault 
ourrunte.  Tlio  remaining  (itiergy  taken  from  the  primary  cur- 
rent appears  wholly  us  elei^trio  energy  nt  the  t«rminaU  of  thu 
seoondaty,  auil  tbei'efore  the  efficiency  may  bo  m  high  u  96  poi!_ 
cent.  m 

1 1  <)6,  But  an   important  oooBideration  corow  in  horo :   tit™ 
makera  efficiency  ia  reckoned  under  the  l>Mt  coiiditiuns,  at  tiill 
work :  thia  falls  off  as  tlie  ratio  of  iiotual  work  to  full  worl 
diminiahes,      Thia   ia  shown  by  figurea  from  cxperimeuta 
Westinghouae  tranafonueia  by  Messrs.  Duncan  and  Haason 
Amerioa.     A  30  light  converter  gave 
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But  tlte  important  point  ia  that  the  primary  circuit  ia  alu 
on  ;  the  loss  in  it  and  by  hysteresis  in  the  iron  are  alwai 
incurred,  so  that  it  ia  a  qneation  whether  more  tlinn  half  of  to 
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UXMTgjF  expondf'il  in  ronlly  rotiinnxl  M  work :  this  is  not  ohkrgad  • 
for  nt  the  moter,  it  is  tnie,  but  it  baa  to  be  paid  for  in  the  form 
of  »  higher  ()rio6  por  unit. 

1 1  ^7.  Tt  iH  Htill  an  tinsottleil  qnestiou  whether  the  ircrn 
tifaoula  ho  an  oytcn  or  a  dosed  magnetic  oirtiiiit,  wo  miiy  call 
thiwe  roll  (ir  I'ln;;  cores.  OuiIh  Iihvo  rod  oortiit,  and  tlie  ovlioirt 
[irurtical  iiHera,  nnutard  uiid  (Siblie,  used  them.  Later  on,  by 
gbuond  coiisout,  ring  oorea  or  olused  circuits  were  udopti.-d.  Quit^ 
reountl;  Mr.  Swinburne  returned  to  the  open  circuit  with  liis 
Ufidgehog  transformer,  which  he  claims  to  give  a  higher  all 
day  efficiency. 

The  eloted  corf  has  the  advantage  of  higher  permeanoe  and 
induction,  S  'yGj,  hut  it  ^ivee  a  greater  loss  by  hyiitereHiH,  as  the 
cloHcd  circuit  diies  Dot  {five  up  nia};iietiBui  so  readily. 

The  oji«n  cirruU  tteeos  larger  curreut,  more  ampere  ttima  to 
bring  iron  up  to  the  same  induction,  which  meaue  losfi  of  work 
in  the  wire,  to  set  against  diminished  loss  by  hyBtcresis. 

I  l^S.  The  relative  losses  by  hystt^reus  and  Foucault  curronts 
in  the  iron  ia  a  disputed  point,  Mr.  Mordey  fonnd  with  iron 
only  'ooi  inch  thick  that  the  ourrent  loss  was  thriw  limoaaa great 
nn  liyistiiresis,  wbilu  Mr.  Swinlmrtie  considers  it  ax  small,  and 
oLliurs  fiud  it  about  oue-tonth  of  tlic  hys'ermis. 

A  valuable  pa]>or  was  rood  tgth  January,  1692,  to  the 
Amerioau  Institution  of  Electrical  Engineers,  by  Mr.  G.  P. 
Steinmets,  on  the  subject  of  hysteresis.  He  finda  that  the  loss 
per  oyele  varies  aa  the  one-sixth  power  of  tlie  inagnetiwition,  and 
may  be  exprusMl  as 

H  =  iB'-' 

H  being  the  energy  in  ergs  per  oyole  per  cubic  centimetre. 

B  the  lines  per  square  centimetre. 

>]  a  coefficient  variable  with  quality  of  iron,  in  his  oxpori* 
ments  =  '002. 
Bo  also  savs  that,  contrary  to  general  opinion,  the  cooffioiont 
of  hystereeu  on  open  circuit  is  'oo^g;,  while  that  of  cl«>vid 
nagneUc  circuit  is  'OO};;  which  seems  to  rtquirc  further 
examination. 

1159.  It  is  of  impoitance  to  prevent  any  risk  of  dcGcieiit 
insulation  letting  tho  high  primary  voltage  tind  iIje  way  to  the 
flooondary  oircuiC:  this  is  done  by  inserting  a  sheet  of  metal, 
connected  to  earth,  between  the  two  wims :  any  leakage  would 
increase  tho  primary  current,  melt  its  safety  fuze,  and  out  the 
instrument  out  of  circuit. 

ii£o.  Oil  ifuufafion,  however,  will  prove  a  gO[)d  protection, 
f  itt6,  and  it  is  only  nooossary  to  place  the  transfOTiners  in  an 
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oil-ti|dit  Tsasel  and  allow  oil  to  ponotrnto  Uio  whole  of  the  oojU  : 
for  this  purposo  much  shoaper  covering  of  the  wire  is  permUsiblo, 
a§  the  reel  object  of  the  covering  will  be  only  tii  produce  a 
doRnite  distance  apart  of  the  wires  :  the  oil  is  the  insulator  as 
applied  by  Mr.  D,  Brooks  of  Americii  tohisByHtemof  condactlon  : 
roBin  oil  being  the  best  for  the  purpoBe. 

Oil  at  an  insulator,  is  likely  tu  play  a  very  important  part  ia 
the  cnniing  devetopraents  of  high  tension  electricity :  iU  chief 
advantage  ie  pmliably  not  fx>  much  its  8|iecific  inautation  value, 
or  reBiBtuuce  to  breaking  down,  ub  its  ability  to  immediately 
olose  up  whenever  it  does  break  down  ;  also  it  is  homogeueoua, 
not  liable  tu  physical  injuriea  or  the  foniintion  of  thoeo  fissures 
which  are  the  drawback  to  solid  pamffin. 

From  a  paper  read  by  Prof,  D.  E,  Hughee  tu  tlio  luatitutioa 
of  Electrical  Eugiueere,  loth  March,  189a,  it  appears  that  ho 
was  uotouiy  the  first  to  propose  this,  but  pateutwl  it  in  1859, 
and  a  mile  of  specimen  aubiuaiiuo  cable  was  then  made  to  t«at 
the  applicatiou  to  that  purpose,  to  the  automatio  repair  of 
faults.  He  also  fonud  at  that  time,  as  others  have  since,  that 
noD  oil  was  the  most  scrviceablo.  M 

Mr.  Swinbumo  nays  that  in  transformare  the  oil  does  not  1 
repair  damages,  but  that  when  leakage  occurs  on  arc  forms  and 
produoea  permaneot  leakage ;  other  cxjieHmt'ntors  also  oousider 
that  the  main  ftmotion  of  the  oil  is  lo  keep  the  other  insulation 
dry ;  cotton,  jute,  and  other  forms  of  cellulose  being  perfect 
iosulators  so  long  as  perfectly  dry,  but  they  alworb  moisture. 

1 161.  Motor  i/eneralo}i  are  transformers  of  continuona  current. 
They  were  deyiscd  by  Gramme  to  obtain  high  voltage  from  a 
few  Buusen's  c«lls:  he  arranged  two  cirouita  upon  h in  ring  in 
ftltemate  eeuttouB,  t,  carried  the  primary  current  which  rotated 
the  ring  ;  2,  carried  a  fine  wii-e  circuit  in  which  current  was 
generated.  The  same  process  has  been  adoptod  by  others,  aa 
Edison,  and  Paris,  and  Suott.  As  suggested,  S  1 114,  they  may 
become  im)K>rtaut  agents  in  traUHmiasion  of  energy  and  enable 
tli»  int«rmittent  primary  current  to  be  distributed  as  a  < 
tiaoow  one  at  a  oouveniunt  voltage. 
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CHAPTER  Xm. 
KLsoTKio  Liaurnra. 

1 163.  The  study  of  light  involves  four  distmot  oonaide rations : 
(ij  Tho  phi'iiomeud  of  it«  origin,  (j)  Th*  mode  of  ils  traus- 
miBsiou.  (j)  The  nature  of  its  [(eroeptioii,  (4)  The  energy 
ospendoil  in  it«  origin  and  absorlied  in  ita  perception  and 
aotiona.  Although  it  would  be  out  of  plaoe  to  examine  here 
the  whole  subject  of  light,  it  ts  necessary  to  olearly  define 
these  points  in  order  to  oompreheud  the  prodtiotiou  of  light  b^ 
electricity,  und  the  economic  asjiect  of  the  subject.  This  claasi- 
fictttiuii  uf  the  facta  will  help  gteally  to  clear  away  the  mysti- 
fications which  have  been  produced  by  trusting  to  hyputhe«es 
and  using  them  as  facts,  as  is  now  so  oommooly  done. 

1 16).  Light  ia  not  a  thing  haviog  any  ndrtenco  of  its  own, 
it  is  au  action,  a  motion  of  vibration.  In  fact,  tight  a5  it  is 
commonly  conooiveil,  hae  no  existence  at  all  ouUide  of  our  percep- 
lioni.  Th«  light  is  in  the  oyo,  it  is  a  sensation  produced  by  a 
rhythmic  motiou,  which  othor  organs  perceive  in  b,  different 
form,  which  we  may  know  by  other  nainc«. 

1 164.  Motion  maybe  irregular  and  indnfiniti'.  or  it  maybe 
rhythmio ;  it  may  be  in  straight  lines,  dulli^otod  in  any  direc- 
tion by  obstacles,  us  radiant  energy :  or  it  utay,  when  due  to 
two  co-aotiiig  fortes,  bo  ^-ibralory  like  thut  of  a  pendulnnu 
Undulatory  ur  wuvo  motion  is  of  ibis  latter  order,  and  is 
rhythmic  ;  that  is  to  say,  its  ribratious  arc  of  equal  intervals. 
Thus  a  peuduluin  ewin^  in  exactly  the  same  tiuie,  whether  ita 
awing  be  merely  perceptible,  or  ranging  over  neaily  the  semi- 
cirole.  But  here  it  must  be  uoted  that  this  applies  to  the 
theoretical  pendulum,  awingitig  in  vacuo  without  friction  ;  tho 
ftotoal  pendulum  is  subjuot  to  retarding  aotione,  whioh  reduce 
each  suooesaive  motiuu,  unletis  a  force  lifts  it  to  its  storting 
lisigbt,  as  in  docks.  This  applies  to  many  general  laws ;  they 
are  related  to  theoretical  ooudiiions  whiiw  oaunot  he  actually 
roatiied,  but  can  be  oaloulated, 

1165.  Such  a  rhythmio  motion  we  observe  in  the  simplest 
fonu  when  we  throw  a  stone  into  a  pool  of  water,  and  produce 
a  set  of  circular  waves,  which  are  rcuoctud  from  the  edges,  and 
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iiltimnti'ly  l<mt  in  an  ikppurpnt  oonfoHion,  whicli  ix  rettlly  porToct 
order,  but.  tou  inauifnld  for  our  eyix  tv  iliatingiiieh :  wc  caq  mw 
the  waves  uroeeiug  eacti  other,  nentrnlixiiig  eauh  otlier  as  thoy 
uross,  y«t  oaoti  reimaioiiig  imiiffcctcil  ;  wu  cuii  eee  in  tbix,  that 
tMtcli  inoleculo  of  the  wiitor,  wliile  ilsulf  merely  riBing  anil 
tiiuking  io  a  verlioiil  diructiun,  may  he  suhjocted  tu  and  Iranstnit 
many  Btressee  in  different  directions. 

1  i6G.  Sound  is  a  rhythmic  motion  of  tlie  portiolea  of  air  and 
other  matter,  which  becoineB  whnt  we  oall  euund  only  in  oar 
perceptiouB ;  iu  space  it  is  merely  a  vibrating  motion,  which 
another  jicrccptioii  trAii^lAteB  into  a  sncocBsion  of  bluwK,  oa 
when  wo  liiy  our  fingor  on  a  sounding  board.  !t  will  bo 
nnderatiiod  therefore,  that  wo  can  ronlly  lee  and  fiel  tKiund,  and 
ihin  will  itluslrutt)  ih«  meaning  of  §  iiiSt.  As  tbero  said  of 
liijht,  Hii  now  we  may  say  of  touad,  tlutt  it  hrtH  no  roal  exist^Od. 
What  really  exists  ie  motion;  it  only  liocomea  houuiI  by  thft 
(•crouptive  action  of  our  nervw  of  hearing,  and  it  in  the  aamo 
with  the  niure  refined  motion  whiuh  onr  optio  nerves  trauHlato 
an  light. 

1167.  Mtuital  toMidt  are  rhythmio  motions,  and  each  note  of 
the  mDBical  scale  meaiia  a  fixed  number  of  vibrations  per  socoud : 
the  etringe  of  a  piano  arc  each  of  such  a  weight  and  strain  us 
ompcl  them  to  make  this  fixed  rato  of  vibration,  which  is  then 
trnnamitted  through  the  air.and  felt  by  our  cars.  The  particlea 
of  air,  like  tho  particles  of  water,  S  ti6;,  can  thua  take  part  in 
many  motions,  and  transmit  ^ach  nnahangod ;  the  <iuality,  or 
pitch  of  each  specific  note  is  related  to  tho  nninbor  of  such 
Hwinging  motions  per  second,  while  tho  loudnett  dopends  upon 
tho  itiiipTitnd(>.  or  width  of  the  swing ;  two  things  analogotiK  to 
tho  length  of  the  pendulum  and  its  consequent  poriod  of  Kwing. 
and  to  the  height  to  which  it  may  bo  lifted  and  fall  through, 

1 1 66.  Sound  lui»  a  rtactive  power  also :  if  wo  sing  n  not«  to  Ha 
wircn  of  a  piano,  tho  cor  re*  ponding  wire  will  rcprodHco  the 
note;  other  wires  which  aro  harmonica,  that  ik  vilir»to  in  3,  3, 
•Jcc,  equal  times,  will  also  vibrato,  but  less  powi;rfully. 

1 169.  Lifffil  it  a  motion  still  more  rofinod,  so  that  is  generally 
treated  as  a  motion  of  tho  "  ether."  f*nt  light,  as  we  know- 
it,  ia  not  a  simple  motion,  but  a  combination  of  n  number  of 
distinct  wave-motions,  uniting  together  in  ono  grand  hannony, 
like  the  united  sound  of  an  orchostra,  which  is  tho  blending  of 
u  multitude  of  separate  Bounds,  each  of  which  may  bo  distin- 
gnishod  among  tho  united  volume  of  sound. 

1 1 70.  In  ii^t,  ae  in  Bounds,  wo  can  distinguish  the  individual 
rhythm  which  oomeeponds  to  a  note  in  ninsie,  and  is  a  (m(  0/ 
idhur  in  light.     This  analysis   is  ofibotod    by  passing  a  ray 
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through  A  enVwtftnoo  which  'acta  differpntly  upon  csob  waTft- 
Icr^th,  mich  nn  «  trinngiilfir  pieoo  of  glass,  "t  uther  siilifttaiiOA, 
wbiuh  sprciiilB  it  oiit  from  a  Darrow  line  of  misuil  light  itilu  a 
ccilonrod  bund,  known  as  tlio  spcctmin,  which  is  simply  a 
■eriiM  of  linos  of  light,  oaah  of  a  epccifio  wave-length,  blontUng 
into  groups  of  Eimilar  shades  to  form  tbo  sevea  colours  of  the 
nunbow. 

Via.  ine. 


iiyr.  This  Bpeotmm,  shown  in  Fig.  io6,  may  bo  n-garded 
as  the  analogue  of  an  opening  across  th«  front  of  a  piano, 
Bhowring  the  row  of  wires,  The  whito  vertical  Itntw  show 
certain  exactly  measured  lines  which  appear  an  dark  linw  in 
the  sun's  epeotnnn,  lieamse  their  light  is  fibseiit,  having  been 
alworbcd  in  passing  through  gaseous  bodies  iu  tbo  sun's  atmos- 
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phere  ;  the  figtiWB  rcproBMit  wave-lengths  in  ton -mi  1 1  Sou  ths 
of  a  miilimetre,  unil  they  are  meanured  by  the  thiokii^an  of  tba 
coloured  filma  which  pnidiice  them,  as  in  soap-ljiihble«. 

1171.  Those  (lark  tines  nre  due  to  the  sauo  action  ob  that 
of  Bouud,  S  1168.  Every  Mulwtauce  in  nature  is  in  a  motion 
characteristic  of  itself.  The  speoifio  energy,  5  585,  of  each 
atom  is  stored  in  this  motion,  vibratory,  or  revolntiuaary, 
acting  as  a  vibration  extemiilly,  and  each  atom  has  a  epeoiflo 
rate  of  motion,  jnst  as  each  juano-wire  has :  tliis  rate  is  altered 
in  combination  but  is  constant  fur  each  physical  condition  of 
the  substance.  Each  atom  of  matter,  therefore,  when  it  acta  aa 
a  producer  of  light,  gives  out  its  specific  light,  wrbiob  in  ibe 
gitscsous  state  is  in  the  funu  (if  bright  lines ;  the  line  D,  wbioh 
IS  really  two  lines  with  au  intermediate  wave-length,  being  the 
apeoiliu  line  of  i^ium ;  the  atum,  tber«fore,  takes  up  from  Ught 
itti  own  epeci6o  raotioii,  and  llie  sun's  light  (a»  any  other),  in 
passing  through  the  cooler  giuteoua  atmosphere,  in  sifted  by  the 
different  substances  it  contains,  and  largely  deprived  of  those 
particular  rays.  1 1  is  thus  wu  learn  what  tmbstauces  are  pre«ent 
in  the  snn. 

117).  Just  as  in  sound  it  requires  a  certain  rats  of  vibration, 
of  above  37  per  Becond  to  be  appreciable  by  the  ear  as  a  noto, 
and  as,  above  about  3320  vibrations,  sound  again  beoomw  in- 
appreaiabte  (and  iuaudible  at  about  34,000),  thene  being  the 
ranges  of  a  seven  octuve  piano,  so  it  is  only  within  a  certain 
limit  that  the  undnlations  of  radiant  energy  are  appreciated  as 
Ught  by  our  organs  of  sight,  wbtoh  may  be  saia,  in  fact,  to 
convert  this  range  of  radiant  energy  into  light. 

1174,  It  will  Iw  seen  from  Fig.  106  that  this  visible  spectrum 
extends  over  only  one  octane  of  light,  an  octave  being  a  doubled 
rato  of  vibration,  and  it  is  remarkable  that  the  wave-lengths  of 
the  middle  of  each  of  the  seven  eulours  hold  relations  corre- 
sponding with  those  of  tho  musicnl  gamut ;  but  what  w»  an 
conoemod  with  is  that  tlie  spectnnn  of  an  incandwaoent  solid 
shows,  flnt,  a  range  of  rays  which  do  not  act  as  light,  tlien  the 
graded  lighta  or  cotoiita  of  the  spectrum,  and,  (inully,  a  further 
range,  in  via  i  I  lie  lui  light,  but  producing  cbemical  effeols.  These 
I  are  even   capable  of  becoming   visible   when    received   apoD 

U  fiuoretcmt  suoHtunceis  such  as  sulphate  of  ijuiniue,  which,  lilio 

I  the  harmonic  notes  lu  sound,  »w  capable  of  taking  up  thoM 

I  vibrations  of  short  wave-leugtli,  and  giving  them  out  again  in 

I  waves  of  greater  length,  which  tben  affect  the  eye,  as,  by  oon- 

I  centradon,  the  heat  lays  may  be  similarly  troDsiTonaea  into 

1  light. 

\  It7j>  The  three  shaded  curves  of  Fig.  101  show  what  used  to 
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bo  considered  B8  distinct  forces,  boat,  light,  and  Adinixai.  \V» 
kaovf  new  that  no  snob  distiDctions  cxm(  in  lAe  ray*  lkeiasele«» ; 
tho  dintiQCtion  licA  in  tho  nibtUaictt  tehich  abtorb  the  raj/».  Mid 
thfl  dilTor«nt  vffecta  produced.  Thu«,  th«  actmic  Bpoctrnm 
rcDTVSCotM  really  the  rays  which  were  chiefly  absorbed  by  tlio 
nilver  i»lt«  first  aaed  in  photography  ;  lionov  the  "  spcdnim  "  in 
n  product  of  it«  oonditions,  not  really  drawn  to  M»le  aociordiDg 
to  w»vo-l«ngths,  and  the  "dark  spoolriim  "  hiw  l>««n  tmcod  to 
six  timea  the  length  ehowD,  and  tho  "  nltra-violet "  tictinio  range 
depends  entirely  on  the  meanB  at  our  dUpoaiul  for  obeurvatioii. 

1 176.  The  nna  theoritU,  without  any  aiich  mrans,  vxUstid  iho 
dark  epectrmik  down  to  what  we  may  call  the  "  iibituliitti  iftro" 
of  Honnil,  through  th«ir  imaginary  electric  And  niagiictic  wavea, 
S8  893-7-  *  remark  by  Prof.  U>?rts  (who  in  luwfrte'l  l<»  have 
prijvod  the  theory)  upon  Clerk  Maxwell  in  tlioroughly  nuitvd 
lo  the  wlioUi  of  thi«  school,  fie  aayn,  '  Eluttrician,'  24,  p.  dj7, 
"  Unhappily,  Maxwell  oBcillalva  too  often  butweeu  the  reality 
of  fact*,  and  tlm  cotuxiptiija  of  puttly  hypotholitail  idea*.  .  .  . 
It  in  oltiar  that  Hu<:h  u  method  docs  not  satisfy  thu  mind,  and 
leaves  a  pTujudiee  that  the  result,  and  the  oonoluBioiis  drawn 
from  them,  are  not  correct."  Poaiihly  it  ia  a  "prejudice,"  but 
may  it  not  be  a  true  deductiem,  for  Herts  baa  shown  Initween  the 
two  parts  of  the  ([uotation.  that  Maxwell  atarta  with  tlie  notion 
of  foroos  actiug  at  a  diataiicLstteekatlielairaof  the*'hypothetical 
polarisation  "  of  the  ether  by  UioEie  force*  and  ends  by  ihmting 
that  it  variea  without  tht-in.  By  thuaing,  Hcrta  appar«ntly 
meana  that,  by  what  Maxwell  oallud  "auitalilu  hy|>otheeiea,"  he 
snpported  the  "  hyiioiliolioal  ideas."  Is  uot  thia  ratlier  like  the 
prooMB  by  which  Oweu  (jlendower  asserted  that  he  "  could  call 
•pirita  from  the  vasty  deep  "  ?  and  is  Uot^pur's  crilicism  thereon 
a  mere  "  projudiro  "  7 

1 1 77.  uplical  Ihiioriult  alieaj/g  treat  tiyht  a$  a  phenommon  of  the 
athar,  audlioro  oomon  in  ihu  ewntiat  importance  of  the  oInMili* 
oatiun.  5  I  i6a.  The  etlicr  wag  imagined  in  order  to  account  for 
(1)  the  mods  of  its  trariKmiwion,  and  it  cannot  be  too  often  or 
too  ntroTigly  insisted  (hat  this  is  the  total  mm  of  our  knowledge 
about  the  ether.  All  the  rest  is  nfgaHw,  wo  know  that  it  haM 
DO  gravitation  force  or  it  would  oolleot  round  the  planets  and 
light  would  not  follow  straight  lines  in  space ;  we  know  that  it 
offers  no  frictional  resistanoe  to  motion,  and  doc«  not  absorb 
*ovrvy  in  transmission.  Now  these  are  the  functions  upon 
whion  the  science  and  laws  of  "dynamics"  aro  entirely  based, 
and  yet  thcso  laws  are  ooolly  applied  to  the  ether,  and  the 
marrellous  properties  it  is  alleged  to  poesc«s  are  derived  from 
dynamic  oonsido rations. 
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1 173.  All  tbo  renl  fnnptions  of  light  dopood  on  "  proport4« 
of  mutter."     Whea  ve  refract,  reflec-t,  poUrize  lifcht,  the«o  nr 
not  etherial  funeliont  at  all,  ttiey  nre  reactions  of  oriliniLry  niattor 
wpou  thu  light ;  nil  the  ether  doee  is  to  trsnsmit  Ktroigbt  ray> 
iuiatj8Lirln!(l. 

The  light  docs  not  orii/!nnle  in  ether:  it«  origin  is,  §  ttjt,  thoj 
oonaequence  of  a  motion  0/ matter,  the  epeoifio  motinng  of  abima 
each  givin);  out  its  own  "  lighl-iiotes,"  ns  each  piftnc^  string  givu 
out  its  "  S'rtind-iiotes,"  unulteruhle  whou  once  formed. 

1 179.  Dr.  Oliver  Lodge  is  it  splended  worker  to  whom  Hertx'i 
crlticiitni  appliee  too  well,  "  itHcilltiting  between  tlie  realiticd  1 
facts  and  tne  conception  of   purely  hypothelieul  idtyia."      !!«' 
says  in  Lis  '  MoJurn  views  of  Electricity'  that  our  syeteniK  of 
making  light  are  wasteful,  which  is  tmo.     "  We  want  a  c«Tt«iii 
raugf  of  vibrations,  between  70O0  and  4000  hiUii)nw  per  seound 
—wo  can  produce  ono  or  two  hundred  thousand";  tills  meana 
tho  Hertz  radihitious  eo-called,  S  887.      "To  get  much  faster 
than  this  we  liuve  to  fall  hack  upon  atoms.    We  know  how  to 
make  atoms  vibrale.  it  ia  doue  by  what  wo  call   healing  tho 
substance."     But  we  have  to  troat  them  in  comf>act  inaesee  ana 
by  "  raiding  the  temjwrature  wo  impress  upon  its  atoms  liigho 
Diodes  of  vibration,  not  Iranemuting  the  Imccr  intn  the  higlitr,  bt. 
auperporing  lie  higher  upon  the  lower,  until  we  got  tbo  Tibradonll 
our  retiun  is  constructed  fur." 

1 180.  Now  these  nre  tho  "realities  of  factp,"  but  Dr.  Lodgo 
^oea  on  to  say.  "and  so  soon  oa  we  clearly  reoo^ize  that  JijM 

u  un  electrical  vibration,  eo  siKin  we  shall  begin  to  boat  about  fofc^ 
some  mo<le  of  exciting  and  maintaining  an  electrical  ribratioa  ofl 
any  required  deRrep  of  rapidity.     When  this  baa  beon  nooom- 
plished,  tho  problem  of  artificial  lighting  will  have  been  Hutvcd." 
But  here  we  have  ihe  "  purely  bypol.hetifal  idea."  ■ 

1 181.  1!b6  Dr.  Lodge  any  ovidenoe  to  offer  that  tight  u  uif 
oleotrical  vihrntii;!!!  ?  not  a  jmrtiele.  Let  us  put  his  thought 
Into  relsti<jn  to  realities.  If  we  realize  that  light  it  a  vibration  of 
Utatlar  which  may  he  produced  by  mauy  processes  which  releaao 
or  act  in  action  the  inherent  fnuctions  of  the  atoms,  and  that 
electrieity  gives  us  our  eusiu.vt  mode  of  producing  atomic  vtbrs 
tions,  then  we  may  solve  the  ])r(>hlem  of  economical  light. 

There  ia  little  doubt  that  light  would  l>e  produced  if, 
electric  or  any  moanB,  we  cotdd  directly  or  indiniftly  net  op  1 
vibntiona  of  the  prnpur  rule.     That  is  what  we  do  by  heat, 
directly,  and  by  oleotricity,  indirecllv,  in  tbo  viicuum  tubon,- 
for  it  may  bo  doubted  whether  tho  light  of  them  in  not  dun 
Hie  vibralioiiH  xet  up  by  tho  coIliKione  among  tho  moving  tnol 
cuiou,  ratliur  tlian  by  uleutricol  uotioos.     Rut  if  snob  vibratioiil 
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won;  lut  ap,  ia  it  nol^ulour  tlinl  tliu  ru«inU  would  bo  "  diMwW* 
tion,"  the  shaking  to  dianiptiou  of  'xnntilvx  chemical  oompouDda, 
br  tiie  ttiHiona  which  Tynclitll  proved  long  ago,  and  which  sro 
the  hoeiaof  itll  pholngrupliio  p:'ot;cHK<!H. 

I  i3l.  ThU  it  what  Ti-»la  in  aiminrj  at  rtMilly,  thonzh  probiihlj 
led  by  the  hyjmthcMiH.  His  pmgroi.-'H  han  been  onowii  a  fow 
days  ngo  in  his  xjilciiilid  lecture  itt  the  Ituyal  Instil utioii,  trd 
February,  i8gi.  Ho  liau  opened  th«  wity  l^>  th«  IIHO  of  ir«- 
<|uetiuie(i  aud  vollage  uiithuiight  uf:  he  hua  ahown  that  light- 
giving  appliauoeo,  vaiiuuiu  tubeu  aud  bo  uu  may  he  actuated,  not 
aa  hitherto  by  actual  current*  led  into  them  by  oonductura,  but 
aimply  by  heing  placed,  iBolateii,  within  the  elfctrostatic  field 
in  whiob  rapid  alteruatiims  are  sot  up.  This  however  was 
done  long  ago  by  variou»  experlmenlers  with  coils.  He  iiae<i  a 
dyuamo  produoiug  wnae  i5,ooo  or  }0.ooo  leveraaU  per  Becond, 
and  then  by  Leyden  jars,  and  the  surguiKs  »'  oaeillatiouB.  J  ^i  6, 
of  which  Dr.  Lodge  has  told  ua  so  much,  raised  the  altematioDg 
possibly  to  million)*  per  second. 

1185.  TsBla't  ideal  Mett  is  to  reader  the  spaco  within  a  room 
itM>lf  luminous,  or  rather  to  make  the  air  eelf-luroineus  in  it* 
ordinary  state  of  pressum,  the  coiling  and  6oor  hoiog  oondonwr 
pUteM  ;  this  condition  be  attains  in  his  oxporim«Dt«,  nproMnting 
tliem  by  the  table  and  a  HnB|>euded  plntu ;  exbau^tod  air  in  tho 
tubes  tNioonies  luminous :  the  idea  is  to  make  the  whole  npivx  no 
by  still  higher  frequencies  and  voltage. 

1164.  lie  has  shown  that  these  conditions  are  not  dangoront, 
heoause  no  real  current  passes:  and  ho  argucit  that  when  his 
aim  is  reached  there  can  lie  no  danger  hecauKe  the  cunditioun 
will  be  Ibone  of  a  bath  uf  light.  Here  then  w«  aee  bow  mis- 
leading a  byputhenJB  may  become:  the  whole  body  would  form 
part  of  tbis  field  and  bo  subjeoted  to  the  ince^saut  vibration  of 
all  its  constituents;  is  it  to  be  supposed  that  ihia  would  not 
prove  most  disastrous,  even  though  nothing  aiiftlo^ouB  to 
"shock"  existed?  Light  has  only  a  sapeiflcial  oouon.  the 
electrostatic  field  penetrates  everywhere ;  in  such  a  field  it 
would  he  neeessary  to  enclose  ourselves  iu  a  metallic  coating  to 
escape  the  universal  action. 

1185.  Tesla*s  tubes  dlaproTe  the  aaaertion  that  light  w  an 
electric  vibration,  while  they  prove  that  vihralion  generate*  light. 
In  the  isolated  tube  in  the  pulsating  field,  electiio  vibrations 
exist,  tlie  molecules  of  air  are  moving,  but  bow  ?  in  straight 
linoa  botwmu  the  two  plates :  this  is  the  universal  law.  But 
the  luminous  rays  issue,  not  in  these  lines,  not  at  right  angles 
to  tliein,  but  in  evoi-y  direction  iu  spherical  waves  from  every 
part  of   the  tube,  as   a  radiant   action  coDterod   from  every 
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vibrating   molecule,  while  the   field  is  linour  botwMo   dual 
■treaaes. 

Tb«He  light  rai/a  are  generated  bj  tlie  motions,  m  the  circnl&r 
witves,  S  iiCj.  are  generated  by  the  «tane,  but  are  no  more 
themaelvt-e  oleotrioaT,  than  those  are  stony  ;  both  are  ooBse- 
quenoes  of  moiii.>us  but  nol  related  to  the  <wuse  of  the  lacitioas. 

I1B6.  PA(/wVai«fa(eaffeota  the  aottouuf  radiant  oni-rgv.  Thus, 
I  1171  ehowa  that  in  the  gaaeous  atate,  ia  which,  S  675.  tho 
relationa  of  matter  and  eaergj-  are  moat  aimjile,  uiioh  form  of 
matter  will  only  generate  ita  ajwcido  ray  motion.  But  Holids 
can  give  out  rays  of  all  orders,  and,  in  them,  the  quick  vibrations 
cannot  be  eet  up  without  bo  mpc  aocompaniod  by  all  the  elowor 
vavea.  Thia  explains  the  reaaona  of  S  1 179.  In  all  sulids  the 
higheat  vibrations  aet  up  correspond  to  the  temperature  att«iued, 
superposed  upon  all  the  lower  ones.     See  S  I3{9- 

1187.  Possibly  wo  can  form  the  beat  conception  on  this  aubjeot 
by  thinking  only  of  "energy  "  charged  on  vibrating  moleoules; 
thia  is  mcchanionl  "  work,'  and  so  we  can  underatand  the  "  me- 
chanical equivalent  of  heat,"  because  heat  is  the  measure  of  tha 
energy  chnrgixl  upon  matter  in  this  state  of  motion  whioh  we  call 
Kent.  Tempera' u re  we  miiy  regunl  aa  the  dtruilg  0/  ihe  energy, 
and  diminiahud  wnve-length  ie  the  result  of,  and  ciirree[)onda  to, 
increasing  tempurature  in  the  radiant  source.  But  aa  "  light  " 
is  a  eeusatiou  only,  there  oau  be  no  "  mechuuioal  equivalent  of 
light."  The  term  ia  aometimea  used  for  the  energj-  consumed 
in  a  light,  or  the  heat  which  can  bu  measured  as  light :  but  tbis 
is  variable  for  every  souroe.  Prof.  J.  Tkomsea  arrived  at  ibu 
value  of  I2'28  foot-lba.  per  standard  oandle-pewer  aa  the 
"ciiuivateut  of  light"  itself,  and  others  have  made  similar 
eatimiitea:  the  re^  facta  will  be  found  S  "Qi- 

1186.  Tho  moat  beautiful  illuatration  of  these  priuci|dea  is 
given  by  the  electrio  current  in  the  experiment  first  publisbod 
by  Dr.  Draper.  If  we  adjuat  a  platinum  wire  to  the  alit  of  a 
apeotro'topd  (whoae  lenses  and  prisms  are  of  rock-salt  or  quarts 
oryHtal),  we  oau  build  up  the  spectrum  uf  Fig.  106  by  passing 
a  graduated  current.  Aa  the  wire  heats,  a  thermopile,  movable 
along  a  screen  on  which  the  spectrum  is  directed,  will  ahow 
heat  at  a  point  on  the  extreme  left,  but  none  on  either  aide  of 
it :  a»  the  wire  is  raised  in  temperature,  as  in  S  jgo,  heat  will 
extend  towards  the  right,  and  the  degree  of  it  will  rise,  as  the 
curve  shows ;  but  this  ia  not  the  point  at  present  in  view,  whioh 
is,  that  thia  rise  of  the  quantili/  is  diatiuct  from  tho  fua/ify,  the 
wave-length  belonging  to  the  position  in  tlio  scale.  VVhon  the 
wire  begins  to  show  red,  this  colour  will  appear  on  the  scroen 
atme,  and  so  011,  as  tempeiOittUo  ciace,  tint  aHcr  tint  will  grow 
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oat  like  nogs  lulilcd  to  n  Ittddor,  til)  tho  viaiblo  speotrum  is 
completed  m  tho  wiro  ApprouolifiM  tho  white  heat:  in  like 
muiDer  the  ultra-violot  Mpootnin)  gruws  out  as  the  hmt  in 
further  raiaed. 

1 189.  It  itt  eiuij  to  ooroprohcnd  this,  when  we  rocognizo  that 
citTTont  mc4inii  moleoiilur  inuliun  ;  that  aa  cnirront  ioorMBea. 
nioticm  incTeiiNi'N.  and  thnt  a  inotioti  ruwiiltiiig  from  those 
motiuiM  ia  pnipugiitutl  aa  riuUuiit  uintuliitions  in  unrroiinding 
apace.  It  fulliinrH,  uIhi).  thut  «vcirT  miurcu  of  light  ban  its 
apccilio  qualily,  dniioodipg  upim  the  tiimpornturo  to  which 
tue  lighl-j^iviug  hoay  in  rui»ud,  aad  tho  wpMiiSc  prupurliea  of 
thitt  body  aa  to  th^  propurtiun  in  which  it  can  gcnurata  rayit 
ill  differeut  purts  of  tlia  spectrum.  How  can  light  ho  an 
eketrio  vibration  ?  Whil«  there  arc  coinaidonucn  of  aotioa, 
S  66B,  beoanae  motion  ia  &  part  of  all,  thure  ivro  ttienu  differenoes 
of  ualnre  between  light,  ami  electricity  liud  magiietiKiu.  Liijht 
it  radiant ;  itH  liueo  utraight,  and  {rw  of  all  otintrol,  except  by 
contact  with  nitttter.  EUclricily  and  ■ma/jnrli»m  ore  circuilal ; 
tlieir  lines  curved,  re-entering  and  attracted  t^iwunln  mailer. 

1190.  DioiiiEES  OF  TKUPHnATCiKE, — High  te]u[)eratures  uie  verj' 
diffionlt  of  meoBuromeut,  but  the  speotroaoope  may  give  informa- 
tion on  them,  by  enabling  ns  to  measure  the  neat  in  lines 
developed  at  theao  temperatures.  The  following  table  give« 
the  host  information  at  present  attaiuuble,  ^m  varioua 
■onroes; — 

Table  0?  Tsnpkkatuees  ih  DsaBSes  Fahk. 


ilidliila  law  -17}°  0. 
ntiMJd 

L»^  ^    

Zine     „     

BedjuitTltlbU)       .. 

-  J""      

H  tHiotty,  liull 
..       „       full      .. 
„       .,       cleat    .. 

Sihrr  mtlU 

Out  >rcm(wliite)  nii-Ui 
Onngcdci'p    .. 
„        eWr   .. 
Ctui-irtn  (grtf)  putii 

Oolitmalu 

Whlto  heat       ..     .. 


The  tempenttnre  of  incandeBceut  lampe  is  said  to  be  1  $70°  C. 
or  ]6a9^  Fahr.  rising  but  very  little  even  with  exoess  of 
current. 
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SltttmiJU 

>l70 

+  415 

While,  blight  ..      ., 

*»»» 
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„       cliiuling 

J7JO 

79i 

Wnivjkt-*'vn  uitit$   ,, 

»»"• 

977 

Plattaum  laeilt  ..       ,, 

J700 

11)0 

Iridium       „  nbaot(7) 

11400 

1470 

Tlimti  in  Htfttttl  Part. 

18 10 

Rtpnrini)  puatlls         .. 

<7»l 

tSji 

Pumfflii  lamp  .,      .. 

1890 

t))0 

Gaa  ill  Brguod  .. 

1100 

aoiD 

Bptr<taof  ojae        ., 
Gaa  in  Bmuoa 

iito 

1193 

>47f 

iiqo 

(*ome  t^tv  jsoo) 

iia* 

Gu  in  oiyg«n  .. 

17(0 

SJ70 

Electric  an 

8700 

sutonuo  umnne. 
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1 191,  Proportion  of  Ejier-jy  a»  Light. — Part  ohIt  of  tie  energy 
expuuded  in  raining  temperatuiv  appears  as  tigot ;  ttie  r&tio  uf 
tbu  part  iucreasos  as  the  temperature  is  raised,  and  tliiH  ia  tlie 
roal  equivalent  of  light.  S  1 1 87.     Tyndall  passed  light  of  diffureu^ 
iutensities  through  a  solutian  of  iodine  in  bisalphide  of  carbopj 
which,    while   perfactly  opaque,  is  diathonnanoua,  or   allowff 


heat-rays  to  jMias, 
reaullH  are : — 


wMle  absorbing  light-rays  entirely.      His 


Saam, 

AbKrbM. 

Troni- 

Sifurcc 

AUorbtd 

Tfrnd*. 

Dork  Bpiral 
L'-w  rod  „ 
HvUrogea  flame 
Oil  Home  ..     .. 

0 
0 
0 

i 

too 

100 

too 

9? 

Gna  flfkuxfl  ,.       .. 
White. hot  sniml 
Ek'otrio  light 
(50  cella)        / 

4 

4-6 

10 

96 

9S*4 
90 

Siemens  estimated  that  in  an  arc  Ump  of  3100  cajidlM,  on4 
third  of  the  energy  beoomos  luminous,  and  that  incaudeauei 
lamps  utilize  4-3  pnr  cent. 

I  iQi.  Oaa  eotimiiaplion  teAohos  the  same  lesson.     If  we  divids 
the  ieet  of  gas  burnt  by  the  caiulle-puwer  of  the  liicht,  we  fiu^ 
that  the  greater  the  quantity  of  gua  which  oan  be  fairly  bun» 
in  a  single  flame,  the  lower  ia  the  quantity  of  gns  jier  candle^ 
power.     The  standard  of  consumption  ia  a  gas  which,  consumed 
ill  a  dtfiiifd  Argand  burner  at  the  rate  of  5  fe<-t  per  hour,  gives 
16  caiulles'  liglit.     The  same  gas  burnt  in  badly  proportioned 
batawing  and  fishtail  burners  may  only  give  10  cuadlcs  or  eva^ 
less.     The  rate  of  5  feet  per  1 6  candles  ia  ' ;  1 35  per  onadlo  ;  bo^ 
3;o  candles  can  be  obtained  fioiu  a  6o-foot  burner,  which  isonly 
'204  per  candle,   and  even    better   reaults  uro  obtained  from 
regenerative  burners. 

1 19J.  The  reoBOD  is,  that  the  area  of  the  flame  is  lowered  k. 
its  thickness  increuod,  so  that  less  h^t  radiates  off  and  t! 
tompcraturo  ie  higher ;  this,  also,  is  why  the  cylindrical  fla; 
of  ttio  Argaiiil,  cmictl  in  by  the  non- transmitting  ghiss  tul 
gives  hijihcr  ifiioicncy  than  the  exposed  flat  flame.     The  mi 
striking  illustration  oi'  tliis  is  iho  ofton-pat«Dted  double  burner : 
if  wo  attach  two  Bruall  burners  to  flexible  tubes,  and  allow  them 
to  burn  side  by  side,  w«  may  note  the  light  efleot ;  now  if  the 
burners  are  inclined  to  eaoh  other,  so  that  the  flames  blend  i 
one.  a  great  increase  of  light  is  perceived.    But  this  inoreaae 
a  dniusinn,  for  the  double  burner  only  gives  the  same  reault 
M  woJl-oons  true  ted  burner  conuuiaiug  the  same  gas  as  these  Iwi 
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The  nm\  point  U,  that  puttiug  tbat  gu  into  two  burnen  reduces 
tliu  light  it  <«Ti  give. 

1194.  Phclomelrii. — The  meaaurement  of  light  ia  elTeoted  in 
t«rmH  of  Ik  BtAiiiUrd,  or  unit  light,  and  14  based  ou  the  law  of  tha 
itifcnsity  of  iinv  lieht  being  iiiveisely  na  the  square  of  iu 
dintiknoe.     Tliu  Niui[)1c^nt  mode  of  te§tt[ig  gas  is  by  the  Bansen 

(■holomolvr,  a  grjuluuicd  Imr,  at  the  iwo  ends  of  which  are  the 
ights  In  \m!  comimreil.  A  screen  of  white  paper,  wiih  a  grtaaed 
8])ot  iu  thu  niiildle,  is  movable  on  tho  bar.  wntit  tho  "pot  is 
equally  umlistingtiiehablu  ou  each  side,  i.e.  till  (be  two  lights 
huvu  (.-(jual  power  on  it.  The  bar  b>?iug  gr^rliiatod  in  terms  of 
t!ie  standard,  the  Htrungtb  of  the  light  to  be  measured  ia  read 
off  the  scale  at  once. 

1195.  The  leijat  anil  0/  lighl  poieer,  in  the  ca»e  of  gas.  is  a 
Blieniiaceti  candle  of  six  to  the  pound,  burning  at  the  rate  of 
ijo  gruina  (wr  hour.  But  the  candles  vary  in  quality  and  in 
rate  of  burniug.  The  French  standard  is  the  Caicel  oil  lamp, 
whioh  equalx  9'  5  or  9*6  standard  candlefl. 

1 196.  Slight  Atyanil  gaa-bumer  ia  a  hotter  etandanl  for  lai^ 
lights,  as  it  gives  i£  candle*'  light  from  gas  of  all  qualities, 
jironded  the  flame  is  adjusted  to  exactly  }  incticii  in  height; 
It  conioiniea  per  hoar  to  prodnoo  this  flame,  5  fcot  of  16  candle, 
4  of  ao,  and  a '7  of  30  candle  gna,  such  as  is  produced  from 
connol  coal. 

ii9£a.  Much  higher  lights  ought  to  be  used  for  comparison 
with  powerful  arc  lamps,  hut  the  measures  of  these  lignts  are 
of  a  very  problematical  value  both  on  acconnt  of  the  difficulties 
of  the  measurement  itself,  $  1200,  and  because  no  arc  light  in 
existence  remains  of  uiiifunn  strength  from  moment  to  moment. 

1197.  Electric  ttandardt  have  been  proposed,  as  a  platinum 
wire  of  given  dimensions,  with  a  fixe<i  current  parsing:  a 
number  of  these  might  Iw  arranged  to  give  a  large  light,  hut 
each  wire  would  lequiro  curoful  adjUHtnitmt  as  to  current, 
because  no  two  pieces  of  platinum  are  alike ;  definite  alloys  of 
platinum  and  iridium  may  yet  enable  the  oonditious  to  bo 
attained.  Carbon  lamps  oould  not  l)e  trusted,  beoauae  of  ttioir 
varying  value  by  UpM  of  time,  and  from  the  action  of  even  as 
invisible  film  of  carbon,  $  1204. 

1 199.  Chemical  PhoUnnctrg  may  Drove  valuable,  as  siany 
reaetions,  such  as  those  of  photograpny,  will  give  exact  results. 
The  combiuutioD  of  equal  projMrtionH  of  perfectly  pure  hydrogen 
and  chlorine  has  been  utilised  in  the  photometer  of  Bunaun 
and  BoHuou,  hut  it  really  gives  indioatiuna  of  the  ultra-violet 
rays,  rather  than  of  true  light,  and  in  fact  the  actinic  curve  of 
Fig.  to6  in  obtaiuud  from  this  njuution. 

1  'ft. 
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1109.  The  be»l  mearwentffU  of  ti^hl  will  pruWily  1ki  ufToc-tcd 
by  tOQ  oompariBOQ,  ngt  of  ilia  total  lighU  tbenisulvev,  but  n* 
Frof«fi80r  Crorn  niggoetod,  of  soiuo  part  of  tho  epecLritm,  Hiiob 
as  the  D  line,  whicb  is  present  in  oU  liglilH,  and  rcprcsL-ntH  thta 
middle  of  tbo  mo*it  effective  portion.     If  u  chemiual  nmction  aU 
Bucb  A  line  could  bo  found,  nnd  ennveniently  used,  it  would' 
give  a,  quantitative  menMire.      By  piissmg  both  ligliU  through 
eimiUr  priame,  and  n»ing  only  the  milectiAl  ruye  va  tlie  pltoto^ 
inctor,  UHirfiit  information  wmilil  txi  obt/iined.  ■ 

laoo.  Pnwcr/ttl  li'jIiU  oiuKiu\y  Ix;  very  approxinmlely  lUOJtHurod, 
bccHiiMe  they  cunuut  be  oouipared  diivct  with  the  HtaudiU'd 
cnndlo,  on  ui:cotint  of  the  grt.'at  length  of  bur  required,  uud 
because  there  is  an  intrinsic  difference  in  colour:  even  in  uom- 
paring  the  candle  and  gas,  with  only  Iwttiityfiild  diffcrenoo  in 
power,  and  close  likeueea  in  eulour,  two  obeiurvera  will  diSer, 
uud  when  the  diDcrence  beuouus  one  or  several  thousandfold, 
this  difference  is  BrHuns. 

1201.  Absorition  ov  Licht. — In  S  1 188,  reference  ia  made  to 
rook-ealt  and  (juitrrz.  Not  only  h»ve  gaxee  their  BjKKiifio  t^to  of 
generalioQ  and  absorption,  $  1171.  but  all  substAncee  have  a 
specific  relation  to  different  rays.  Thus  we  have  the  distinction 
of  opaque  and  transparent  bodies,  and  tho  selective  power  for 
coKmrs.  But  even  iTaiupnnnl  substancon  take  toll  upon  the 
pomage  of  radiant  energy:  tlie  clearest  glass  takes  up  a  lai^ 
poKion  of  the  longw<ive  layi,  as  woU  as  tho  ultra-viulet. 
Thns  wo  use  glnes  for  greenbotiees,  o«  it  transmits t lie sunfl  raya. 
but  prevontt  the  eeoaix;  of  dulc  heat ;  also,  with  a  shcot  of  glam 
before  the  eyes  we  may  safely  look  into  ui  intmsely  hoAted 
furaace,aud  examine  the  actions  going  "n.  On  the  other  hand, 
an  opaque  euKitance,  like  ebonite.  pennit«  the  frte  passage  of 
the  rays  which  glass  abeoihg,  see  also  i  t  I9t,  and  rook-ealt  and 
(piartz  cr>stnlii  are  ulmost  the  only  substances  which  are  ncort; 
indifferent  !■)  the  pnseiige  of  all  rays.     See  §  6;r.  M 

1303.   The  ahmirbing  jioiaer  '</  ghn  is  of  grcut  importance.  ^^H 

Clear  ghias  alisorlig 10  per  cent,    ^^H 

White  ground jO    „  ^^H 

Opal 60    „       „        ^^ 

Coloured  gtasse-s,  in  addition  to  tho  absorption  of  the  glass 
itaelf.  take  up  (he  rays  coniplemontAry  to  the  colour  ti-ansmitted, 
•0  that  if  we  pass  a  light  tnrongh  first  a  blue  glass  and  then  a 
yellow  glass  searcoly  any  light  at  all  will  remain. 

t>0}t  In  connection  with  this  subject  it  should  bo  under- 
stood  that  no  ehaiige  can  be  made  in  light  ence  pruducedi 
f  tt~0,  except  by  taking  some  of  the  rays  away.     We  m^y  give 
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a  tint  tu  an  *ro  lixht  by  buniSiiu;  a  HulutaQM  m  it,  tUua  a  wkU 
valt  will  give  j-^lourueiw  to  uiu  light;  but  wo  cuntiot  gtee 
yvllownww  to  uii  aro  liubl.  ouce  produced,  by  piuaintt  it  tliiough 
anything;  wo  may  take  awaif  tlio  exi«8B  uf  viotot  aud  mak»  it 
nppvnr  yolluw,  but  in  eo  doitit;  we  leduce  the  light. 

ii04.  Iiiuui(lL-«c«nt  electric  lights  an>  enbject  to  ft  Hpodnl 
ab)i<>rhiii|^  ageiit.  The  carbon  wir*.  osjpecittlly  wlieu  ovor- 
hentud,  giveo  off,  iu  some  cases,  a  Tftp»ur  of  carbon  which  funua 
a  uearly  imiiuroeplible  daik  film  upon  the  intKir  face  of  the 
glius:  tbiB  tliiucftrbon  film  haseztraordiDaiy  absorbeDt  powers: 
a  piece  of  glass  so  coated,  held  in  front  of  n  lamp  iu  perfect 
ootiou  will  make  it  apjiear  like  a  red-hot  wiro. 

I30(.  DisntiBUTios  OP  LintiT. — Like  all  rudiuDt  actions,  the 
inteiiBity  of  light  varies  inversely  as  the  equnro  of  the  distanoe 
from  the  source,  'i'his  is  the  nocuesnry  oonEoiiioncc  of  the  fact 
that  the  tur/acM  nf  tpheres  vary  as  the  nquart  n/  their  radii ;  each 
j)i)iiit  iu  space  is  part  of  the  eiirfnce  of  a  sphere,  formed  on  a 
radius  which  is  tho  distance  of  the  light  eourci-,  and  therefore 
an  the  light  is  divided  over  a  total  area  incruuscd  n«  the  sijuaro 
of  tlio  radius,  th«  qtMutity  available  on  each  unit  of  aroa  uuat 
be  inversely  as  that  value. 

t  io5.  l^iH  will  illustrate  the  idea  exproxsed  £1167.  A  source 
of  light  may  be  regarded  as  an  agent  for  oonverling  potential 
«norgy  into  kiuetio  energy,  which  it  continually  nuliatts  away 
in  oplierical  waTua.  This  energy  traverses  pure  rpnee  with 
little,  if  anv.  reduction,  S  ii77,  though  it  is  ahstirWl  by  matter 
under  condilions  explaiuud,  §1173,  At  eauh  Bphoriail  extension 
the  wave  is  spread  over  a  larger  area,  thereuire  ita  umplitiido 
or  height  is  lowered,  aud  the  energy  iu  it  per  unit  of  aro«  is 
reduced  ;  thnt  is  to  say,  the  dimity  0/  th«  cntrg^  is  loworud  in 
propoition  to  the  tquare  o/Ihe  dittanet  it  has  traversed. 

Tliis  is  un  importtint  oDiiEideration  in  applyiuf;  light  to 
practical  use.  A  light  of  great  puw«r  may  bo  nselesaly  iutcuso 
at  ono  part,  and  iin<?qtiiil  to  the  requirod  effect  at  another.  As 
a  rule  rI«o,  several  lights  distribulod  about  an  area  are  bi-tti^r 
than  an  eixual  light  at  one  part,  bouunso  tboy  break  up  the 
deep  shadows  a  single  light  must  tlirow.  A  very  inteiiiio  light 
is  also  injurious  to  the  eight :  it  is  Kuid  that  we  need  not  look 
at  it,  neither  nce<l  a  moth  fly  into  a  flame,  and  light  draws  the 
eye  to  it  us  the  Sami^  d(x«  the  moth.  Butter  results  are  obtained, 
throughout  a  Kpuc«,  from  lighte  evutdy  diitrihuted,  than  from  a 
light  of  three  times  tho  nominal  power  at  a  single  jiuitit. 
I^enfore,  aotwithtitiiuding  Llie  low  coat  per  candle  of  arc  lampit, 
they  are  nnsuitjiblu  for  internal  u««!i,and  less  ocononiical  tliiin 
the  more  costly  ini^uudusceut  lamps. 
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1107.  ELSCTRicrry  a^  a  Sod&cb  of  Lioirr. — This  is  no  n«w 
disoorety,  for  Davy  laadd  it  in  1809,  aud  exliiLitei]  an  etcotrio 
arc  fuur  inohee  long  in  air  auil  ii&v«n  Ixi  vacuo.  Gr«at  ulttu  m 
reoeut  improremeuls  aitjiear  to  bo,  Ihero  is  really  Ultle  mora 
known  oil  the  subjuot  thau  bos  been  known  for  many  j-ean; 
this  may  hn  seL-n  friJiu  King's  apecifioation  publtahed  in  1846. 
But  ulectricity  was  too  dear  to  u§6  for  this  purjwse  until  tLe 
dynamo  mauhiue  became  a  piactieal  thing.  Then  Jabloohkoft 
introduced  his  arc  "  caudle  "  \thich  wa.%  seen  by  all  the  world  in 
Parifi  in  1876, aud  took  tho  public  imagination  byitaclaiiu  to  do 
away  with  the  intricate  mechaniani  of  tho  light  "regulator"; 
but  the  candle,  as  a  mattci'  of  fact,  had  objeotiona  of  its  own 
more  serious  than  those  of  tho  lamps  which  have  returned  to 
use.  The  ignorant  public  thought  that  )^s  was  about  tu  be 
superseded  and  thero  was  a  perfect  panic  in  shares  of  the  gas 
companies :  tool,  stock  of  London  companies,  which  in  January 
1873  wore  worth  16S.  had  fallen  to  tCo  in  January  1879,  and 
went  down  to  140.  That  same  stock  in  January  1891  is  wortii 
2 15  iind  likely  to  retain  its  price. 

But  electric  lighting,  white  it  will  not  do  what  was  oxpoct«d, 
and  will  not  prolmbly  supersede  gus,  or  injure  the  intereots  of 
the  gas  companies,  has  a  great  and  imjrorfjtnt  field  before  it, 
which  it  will  cutliviite  by  degrees.  Its  real  progrow  thna  far 
has  cotisislcd  in  practical  working  out  of  Incte  well  known 
before,  und  in  the  etuburuting  of  details,  now  important,  bnt 
whioh  were  not  studied  thL>rotighly  until  there  woe  a  proopect 
of  Uieir  being  of  some  voiue. 

J  208.  The  fUelrie  U/jlii  it  nnl  pnilueed  from  elfftritily.  This  is 
the  rock  upon  which  many  inrenttirs  liavo  wrccki-d  llirnisolvos. 
Even  «ciontifio  wrih^rs  often  apeak  of  the  convrrtion  <•/ rlcrtricilg 
into  light,  but  thi^  is  an  erri>r,  ufi  shown  §  jS^.  We  do  not  burn 
electricity  as  we  do  giis  or  oil  Ui  pnidtice  light,  and  oven  tho  gas 
and  oil  arc  nut  couvurtod  into  light,  but  into  oorlKmic  acid  and 
water ;  the  source  of  thuir  light  is  tlicir  potential  itiiorgy,  set 
free  as  heat  in  the  act  of  combustion,  S  586.  Tlie  proceu  by 
whioh  this  heat  gives  light  is  the  raising  to  white  host  of  solid 
parUcloB  of  oarboD,  luotiicnturily  sot  free  from  their  oombisod 
by dn>geO|  which  is  burnt  first,  tliose  partlclen  which  if  the  flams 
is  oooledf  npiicar  us  soot  This  may  be  shijwn  by  a  Buiuhiq 
burner,  giving  a  blue  flume,  with  iuteiiss  hc-at  aud  no  light, 
because  the  mixed  air  btirna  the  whole  of  the  gan :  fine  dust  of 
any  kind,  but  especially  cikrbou,  as  lamphUok,  sprinkled  into 
the  damo,  at  onoc  makes  it  lumiuous. 

1309-  Strange  tut  it  may  sound,  the    pii:>oeKn  of  generating 
light  U  identical  in  Ike  (uUdid  ouadI«,  ihe  y<u  fiavic,  the  <t^elno  ara 


Id  are. 


tilt.]  DKNSmr  OF  KXKR0T.  M9 

tmd  the  ineandetemt  lamp ;  io  kU  of  th^m  tho  light  prooootl*  from 
ial«naeljr  heated  p&rticlos  of  cnrbon,  and  the  rjii^enfy  of  cMb 
process  depends  on  Ih*  temperature  to  ichieh  (^rban  it  raised. 

It  is  ENKRoy  that  it  amerrted  intv  light  in  alt  ratef.  it  is  th« 
eott  of  the  energy  and  its  dtiMity  in  vnuh  kind  of  light,  which 
constjtates  the  ratio  of  ocmomy  and  cfficionur.  \Vu  may  ovua 
eoa  stage  further  and  saythattho  pn>o<-Niof  dtvelopinfi;  euer^ 
u  the  same  in  all  caBe«.  In  the  tallow  tandlo  iv«  bare  a  oniiio 
gM  retort  in  the  wick,  which  drawK  the  ntL-ttud  fat  np  to  a 
point  at  which  it  is  exposed  to  a  heat  tit  whicli  it  is  vaporiied, 
and  then  burnt.  Id  the  gas  fnct^iry  wo  have  the  same  pnKetui, 
niare  pcrfDOily  carri<.-d  out,  ntid  n  piirur  gan  proiluou-d.  The  Grn 
pf  the  Ktiwrn  lioilcr  fnlfils  the  luimc  function  tor  ihe  electric  light, 
and  \iy  the  aid  of  the  dynnmo  maoliiuo  uliminutes  all  the  material 
ruaidiies,  and  delivoni  pwrit  energy  at  tlie  point  of  application. 

I2IO.  Here  is  the  true  distinction  among  tJie  tights;  with  the 
oil  and  the  gaa.  wo  genorato  the  energy  in  presence  of  thi>  waste 
iuat«ria]a  of  tlif  pmueas,  and  a  large  part  of  the  energy  h  <b  to  be 
eii>endfd  in  hi-atiug  and  carrying  away  the  resultant  water  and 
carbonic  acid,  and  the  residuary  nitrogen  of  the  iiir.  Thtvu 
havo  to  be  »jually  got  rid  of  in  the  electric  prodNW,  lint  it  is 
done  at  a  distance ;  therefore  we  are  not  Umiteil  to  the  ciuantity 
of  cmorgy  contained,  potential,  in  the  matter  itself,  U-m  that 
neceMArilyiost;  we  can  conountrale  the  energy  itself,  olootrioity 
is  its  vehicle,  instead  of  combined  matter,  and  anrrenden  it  in 
the  act  of  lowering  its  potential. 

iiii.  The  ruult  is  that  in  lighting  by  oombnsUon,  the 
*'  donsitv  of  the  ener^iy  "  is  limited,  and  in  each  case  ean  only 
riite  to  tno  lomporaturoe  shown  in  the  tjihlo  of  flamrs,  !  1 190, 
whilu,  in  the  eleotric  tight,  the  only  limit  is  the  oapucity  of  tJie 
matter  in  wUioh  tliu  Hght  is  geuerated — the  temperature  to 
whiih  ii  can  he  raised.  This  brings  us  to  the  two  systems  of 
oiectrio  lighting  :  by  the  arc,  unil  by  incandfc»iU9. 

IJI2.  The  Voltaic  Arc. — This  is  the  oarae  given  to  what  Is 
really  a  ouuntsut  "  bmah  discharge."  That  prodnoe'l  by  frio- 
tiou  Diaohiuee,!  112,  is  due  to  the  great  EM  F existing  bctwtien 
the  conductors,  which  breaks  down  the  resistanoo  of  the  air: 
it  is,  however,  a  current  more  or  lees  sustained,  and  gives  a 
light  proportioned  to  the  energy  present  in  it,  and  related 
($  1 14}  to  the  matter  in  the  space  and  that  cnrri«<l  from  the 
poles.  The  are  forms  under  a  oomparatively  low  E  M  F,  whioh 
IS  compensated  by  the  reduced  resistance  of  the  air,  due  to  tta 
being  intensely  haatcd.  As  a  oonsequonco,  the  arc  cannot  be 
devoTopod  across  an  open  space ;  it  is  necessary  for  tho  oon- 
dncton  to  touch  so  that  the  current  puaeea,  and  tlien  to  be 
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separated  gradually.    DuriDg  this  action  the  current  beat* 
ftir  and  vaporizce  a  portion  of  the  condnctor.  thus  filling;  tlia 

growinj^  interval  wjlli  a  gaaeoun  oon- 
dnotor,  and  with  a  light  proportional 
to  the  erergy  transmitted  to,  and 
oKpcniled  in  tLia  coDductor. 

1Z13.  The  appearance  or  Iho  arc 
feluiwn.  Fig.  107,  as  seen  thrwu-li  dw 
glnsscs  liy  aid  of  a  lens  which  ma. 
nllies  it.  It  is  such  an  arc  a»  is 
obtained  with  the  old  retort  car' 
riithfir  tlinn  with  the  artificial  tinea' 
tho  gltihulea  iim  cnnsod  by  tie  Hili< 
iron,  and  sntphnr  present  in  1 
graphite,  from  wliicli  the  pn  pa 
(.'iirlion  is  purified.  The  4-  carbon  is 
iisuuUy  uppermost,  and  being  mon 
highly  heated  bv  the  ciirrent.  bnma 
away  iiioBt  rapfdly :  imrtioIeB  of  " 
(iro  transrcrred,  as  in  elect mly sin, 
the  —  carbon  whieli  forms  a  poiutw! 
coTie,  while  the  +  carbon  lonutt  a 
hollow  crater  of  intense  brightui 
and  acts  as  a  sort  of  condenser 
throw  u  large  proportion  of  the  lig! 
duwn  wards. 

1314.     Tempcrnlure     of     the    arc. — 
The    liitsat    reeiairclKs    give    a  high 
viilue  for  this,  and   Uocquerol  found 
it  2100°  centigrade;  while    BoBsettt 
after  numerous  oxperiinenta,  givea 

X  CaiUiu.  Are.  —  Owbon. 

With  80  Bunaena  3870        3500        3400  Coat 
Maximum  J900        4800         jijo     ,> 

It  is  evident  that  the  temperature  of  the  carbons  must 
varied  with  their  dimensions,  and  that  their  rate  of  combustion 
will  also  ho  aflfected ;  bnt  it  is  stated  that  the  temperature  of 
the  arc  is  independent  of  its  Ih'fkneM  or  of  the  current  paanng. 
On  the  other  hand,  it  is  low^ir  with  reduced  voltage  which  wonMl 
reduou  the  length  of  the  arc. 

'1  h«  must  refractory  minerals  fuse  and  volatilise  in  the  BTO, 
and  us  it  diMtixnates  most  substances  and  r«dnoi>«  them  to  the 
elomontary  ocmdition,  it  ia  \,W  Tau«t  ^worfol  instrument  of 
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uialyaifl wft posaoM.  On  tho largo  Bcato  itbnoomc*  th«"elvGtrioal 
fnmaoe,"  i  6u. 

1315.  The  light  0/ Ihe  are  in  iximpnnni],  oonKiHting  of  th«  jiura 
whito  light  from  tho  inoandcwwiit  cnrVtonn,  and  tho  xpecilio 
brieht  rays  of  tho  incandnoont  nam  of  tbo  aru  itwlf :  thn  firnt 
of  tnf«o  is  «v«n  whiter  thnn  siinltght,  bouauM  tliiM  buH  IimI  tlio 
rayx  belonging  to  Iho  dark  linrn  of  th»  iolar  upeotriiiii.  anil 
mnch  of  tho  viol«t  ond,  which  is  nb<K>rb«d  in  [taoaing  through 
tho  atmosphere,  thns  loaring  an  oiiioas  of  vnllow  iu  Huulight, 
which  ox(;<«a  in  *till  gri^ulor  in  gas  and  oil  nainea  id  proportion 
to  thoir  lower  U^mpLTuhire.  But  thi<  Irghtof  tho  arc  oonsiAtu  of 
a  faint  oiititinuoiis  iipectnim  from  the  iiimmlunwut  aoUd  par- 
ticloH,  and  bright  rnyii  of  sji^cilio  ganuit,  nitrogen  and  carhou, 
which  are  principally  in  the  liliio  and  violet :  these  give  the 
ateel  glitter  l»  the  arc  light,  which  iu  no  gliastly  iu  ltd  effeota, 
and  unfitfl  this  light  fur  internal  domestio  nsea.  The  shorter 
tho  are  itpaco,  tho  whiti-r  the  light  beoomea. 

i3i6.  f>fo«r»  by  arv  light. — A  eonnequeiioe  of  this  is,  that 
while  oohmrod  olijpom  are  brunght  oat  with  great  vividneea, 
they  are  not  §eeD  in  either  natural  or  pleasant  tint§.  At  first,  a 
great  advantage  was  olaiuied  for  the  eleotric  light  011  this  head, 
because  blues  and  greens  are  not  properly  seen  by  gaslight, 
owing  to  the  dettoiency  of  the  blue  rays.  But  the  excoea  of 
these  in  the  are  has  its  own  drawbacks,  as  all  whitea  and  most 
light  ooloura  are  orerbome,  because  they  rofleot  «U  tho  rays  to 
■ome  extont  as  well  as  their  own  spucifio  oolour.  This  is 
strikingly  sw-n  when  a  fruiterer's  aliop  b  lighted  up  by  aro 
lighlH;  we  can  eeeu  at  onoe  that  the  variously  coloured  fruits 
have  a  most  unnatural  and  harsh  appoaranoo.  This  may  ho 
corrocied  by  tinto<t  glaKticn,  and  the  incandesocnt  lamps  have  not 
tho  same  defect. 

1317.  Penpiratinj  poairr  doponds  upon  tho  intrinsic  brighlneu 
of  a  light,  and  the  q^iality  of  tho  rayg  it  cmitM.  Intrlnsio 
brightnem  ia  not  afli-icted  by  distance,  that  is,  light  is  not 
abiwrited  in  tr» versing  pure  spaou,  but  the  atmosphere  acts  very 
dilforently  at  ilifferent  times,  and  ita  absorliing  ]H>wcr  diflors 
(FTsatly  with  diflV-irunt  kinds  of  lightx,  hm  the  fine  particles  of 
dust  and  moicturu  take  up  piirtioular  rnyo  and  dilfusu  them, 
which  is  the  oaune  of  the  blueneeB  of  the  sky  audof  wnt<.-r.  Tho 
short  wave-lengths  are  most  allbotcd  in  tliirt  way,  ko  that  lights, 
rioh  in  them  as  the  arc  light  la,  suffer  tlie  greatest  proportional 
loss. 

This  may  he  seen  on  Westminster  Bridge  on  misty  nights : 
tho  cmliankment  haa  the  JablochkulF  candles  on  the  water  sid*, 
and  tile  common  gas  lamjis  on  the  other  sido  of  the  road  ;  at  a 
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oortain  iliHiance  they  1xiu(>me  indtHtingiiiBhablo  in  spite  of  tho 
great  diffcreticc  ia  tlieir  light  power:  a  little  further,  and  tho 
gua-laiups  may  he  seen  while  the  uthers  disnppitiir. 

Liijklhoiueii  are  seriously  uiri;cte<l  by  Lliie ;  it  is  now  mgecfltod 
that  the  light  ahonlil  be  throwu  vertically  no  as  to  proJuoo  a 
pilliir  of  light,  visible  at  greiit  diataucos,  ti&d  more  visible  in 
foggy  weather  thuo  the  laoat  powerful  horizontal  beam. 

I2i8.  The  ratittancf!  of  the  are  hjis  been  very  difj'erontly 
valued.  Siemens  has  given  it  as  nhiiut  i  ohm;  W.  H.  Preece 
I  to  }  ,  while  Ayrton  iind  Perry,  wilh  varying  buttery  power 
in  Bunseii  cells,  give  it  as  1 1  ohms  with  So  l-uIIs,  so  with  8o, 
and  }0  with  t22,  growing  mure  rapidly  than  the  reaiBtanoe  of 
the  battery. 

Schweuilter  found  thut  with  an  nrc  of  fixed  length  the 
ranMlanfn  naritM  inversely  a»  the  current:  this  is  reoflily  com- 
prehended when  we  see  that  increased  current  docs  not  so  much 
nUeut  the  existing  arc  aa  increase  ita  sectional  area  hy  intro- 
ducing more  couducttng  material,  so  that  tho  arc  acta  (ts  ftn 
expanding  pipe  would  with  water.  0.  FruhUch  fiitda  thut  in  the 
same  are  the  resistanue  may  vaiy  from  i  to  40  ohms  aooordiog 
to  ihe  current  passing. 

J 119.  The  EM  F  in  the  arc  varies  with  italeoKtb,  and  oooord- 
iug  to  the  experiments  of  Professors  Ayrtoii  and  Perry,  na  » 
curve  coii'esponding  to  that  of  '*  length  of  spark  "  in  De  fa  Rue's 
uxpui-imouta,  S  116.  They  found  that  au  arc  of  one-tenth  of  an 
iuoh  reijuirea  Co  vulte,  increasing  (luit-'kly  up  to  a  quarter  inch, 
and  aftor  that  at  the  rate  of  H  volts  per  inch.  The  experiment* 
of  Frohlich  are  oonsi^leut  with  such  a  curve, 

A  cintnler  E  M  F  in  not  up  by  the  arc,  possibly  similar  to  that 
noUtd,  i  fi^i.  lU  existcnee  has  been  much  debaied.  but  appoam 
lo  be  priivud,  as  a  ntrouL;  huclE  current  i^  sitid  to  be  uet  up  fruai 
the  electrical  funiaoes,  $1214,  aft«r  current  is  cut  off.  Someha,T« 
oalculatL-d  this— EM  F  at  J9  volts. 

laiO-  ProdueU  of  lh«  arc. — Mr.  Wills  aunounoed  tha  pniduo- 
tion  of  nitrous  acid  very  soon  after  the  iutrodueljon  of  the 
Jabloobkoff  candle,  and  collected  12  grains  per  hour  from  on 
ire  kmp ;  there  are  also  produced  acetylene  and  pmsiio  ooid, 
chiefly  at  the  -J-  carbon.  Profaaaor  Uowar  used  hollow  carbons 
to  draw  off  the  producta  of  the  arc  by  suction  \  it  does  not  follow 
therefore,  that  such  products  escape  to  any  great  extent,  as 
they  would  Iw  oxidised  towards  the  outer  surface  of  the  arc 
Hut  the  nitrous  products  resulting  from  the  union  of  the  nitrogen 
and  oxygen  of  the  air,  must  jmss  into  the  atmosphere  and  can 
always  be  smelt  wherever  arc  lights  are  burned  iu  inclosed 
apMOK.    Tlicy  pru^uce  aoio  thxu&U,  s^nd  do  the  same  or  wone 
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danuLgt)  to  books  »nd  Rood*,  as  that  whicli  in  eSiMUNl  liy  gaH.  Of 
oonne  there  is  carbouio  acid  alao  prodaocd  d^iiivalont  to  the 
oarbon  ouiiHumed  ;  «b  ordiiiury  gas  contains  about  i  *  }4  gmina  of 
carbon  jiar  foot,  it  ia  OTident  tliat  in  the  aro  lamp  erery  grain 
of  oarbon  oonsumwl  oorrMponda  to  *  75  feet  of  gun  burnt  in  the 
aame  time. 

I J2 1 .  AppUeatiem*  of  the  are  l%()ht. — It  Js  best  suited  to  cxt«rIor 
pnrpoMK,  lui  for  uttrrying  on  open-air  work  at  night:  it  fit  also 
uHt-fuI  in  fitolories.  where  a  general  illumination  b  re<|nirod 
over  a  large  area,  rather  tban  at  individual  pointa.  The  best 
modo  of  using  it  in  such  oaaaa  is  nnder  a  curved  roof  or  screen 
for  a  reflector,  the  lights  themselves  being  siisjiended  nnder 
the  roof,  with  a  semi-trunaparent  refleotor  Wow  them,  which 
prevents  the  lights  themselves  from  being  seen,  and  lakes  up 
part  of  thedireot  lajx  and  distribute*  them  to  a  distance  by 
direct  refleotinu  from  the  upt)er  snrfaoe. 

The  _^iu-ttMi/in<r  (haraettr  of  the  arc  light  renders  it  specially 
unfit  for  reading-rooms,  as  being  injurious  to  the  sight  from  the 
couiitanll^'  changing  adjustment  of  the  eye  rotjuired:  and  the 
pr<idu(-ti^  would  bo  injurioitH  to  the  books.  In  snoh  pUcos  the 
incandoswmt  lamps  sro  tho  right  thing. 

nil.  Aiic  LAMra. — ThoM  are  now  so  common,  and  so  varied 
in  nonstructioD,  that  spaco  will  peTTuit  a  doncription  only  of  tho 
fundamental  prinoiplen.  Tho  prime  object  is  to  keep  the  light 
uniform  in  qnality,  which  it  may  be  said  ia  not  attained  in  any 
form  and  probably  is  not  to  bo  attained  ;  all  jump  oooajiionally, 
and  it  wiinld  appear  that  sotiie  fiiicluatinn  is  inevitable:  tho 
causes  are  inherent  in  tho  proc«as  of  burning  away  iho  carbon 
rods,  and  tho  irrcgutantlea  of  Himctnrv  in  tlio  rods:  hone«  tlie 
distance  apart  oonlinually  clinngiiH,  itud  the  obieot  of  the 
mechanism  ia  to  eompenaata  as  steadily  as  imasible  for  this 
change:  but  this  cau  only  be  brought  about  by  the  effects  of 
the  change,  by  variation  in  the  carrent  paasiug,  with  ft  resulting 
variation  of  the  light  given. 

laaj.  There  are  two  distinct  systems  in  use,  (1)  Qravilation 
or  spring  pressure,  niaj-  be  usr-d  to  bring  ihe  carbons  together, 
and  then  the  appai'atuM  Hoparates  them  so  as  to  fulfil  the  con- 
ditions off  nil:  then  the  weight  continues  to  feed,  oontrollod 
by  thia  separating  action  set  up  by  the  magnetism  developed 
by  the  current  which  foods  the  lamp.  (1)  The  diflerential  in- 
fluence of  two  magnetic  actions  of  the  cnrrent  may  bo  ntUized 
to  maintaina  uniform  resistance  in  the  arc,  or  a  fixed  rate  of 
current,  or  preferably  a  flxod  dilferi-noe  of  potentials,  which  being 
independent  of  the  onrrenta,  enables  several  lamps  to  bo  worked 
iodopendontly  on  one  cirooil. 
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1 114.  Til  till)  mint  clnmontaTy  fonn  of  regnlfttor  the  upper 
onrbou  alidw  in  n  uietal  clip  by  its  own  weight;  ono  m<]o  of  th« 
clip  in  oonnuotwl  ('>  tlie  iirniAtiint  of  mi  oli-ctro-mu^not,  which 
nauaoB  u  prcsHiirB  iucreiMJiig  with  <Turrcnt,  so  th«t  whon  tiio 
ourrent  is  reduced  hy  th«  growing  ruHistnnve  nf  tho  Icnglhrning 
nio  Hi)ii(!i\  the  pniSBiire  iliininitihers  iind  the  ourbou  Hlidnii  down, 
till  lliUgTowingciirretit ngain  straps itK motion.  Sirailarnctlons 
with  moru  ditlioutn  mitonintio  controlling  muvementa  kvo  atiliuid 
in  variiinn  iiBefnl  liimpK. 

12a;.  The  flifftireiitial  principle  can  Im  cspliiintH)  hy  tfao 
Si<im<iii8  Inmpi,  nscd  in  ligntlimiiius.  The  currier  liar  ia  ovtiiatod 
by  &  long  iixtti  <MTn  which  nntera  into  two  tioleiioidH.  di>>  tlmt  itit 
pottition  IK  rcgiilali-'d  by  tho  diflorL'ncD  in  tht)  attmotiuiui  lh(-«e 
exert.  One  iMnKiHtH  of  »  coil  uf  stout  wire  ourryiug  the  ourrent 
whioh  givoH  tho  light,  and  ilii  action  iicpiKlcs  the  ourbons.  Tho 
other  in  a  Hhiint  cirouit  of  high  riisiAtance,  and  teuds  to  draw 
the  ourliouti  together.  The  two  actiona  balance  when  llie  do- 
flnod  diffortmci!  of  potential  exiats  ia  the  ar«.  If  the  aro  is  loo 
wide,  the  ralioM alter ;  moii.-  otui'ent  passes  the  shtmt  ooil  uid  it 
ftllowt  tht^  carbon  II  to  npjiruai'li. 

i>36.  SiiPii'iamnilrMcml  arc  lainp$  wtno  devltied,  in  whii^  tho 
are  wan  tntuiv  to  hoit  tiirjL^o  inuRBes  of  carbon,  moriu)^  so  im  to 
expose  &e«h  snrfao^n,  ne  is  dune  iu  tho  linio-light,  or  blocks  of 
resisting  Mibbtaiictw,  liirn.-,  magueaia.  &<i.,  but  they  have  not 
stood  the  t«Bt  of  practical  uae. 

iaj7.  JAiii/>i.'iiKoKF  Casdle, — This,  though  a  YOry  iinperfeot 
light,  etill  roiuaina  iu  uae  for  oome  purposes,  ou  aooount  uf  it4 
simplioity.  At  any  rate  it  oalla  for  some  attentioii  on  socount 
of  the  part  it  played  in  bringing  eli.-ctrio  lighting  to  life,}  1207. 
It  was  duviaed  to  do  away  with  the  neoossity  of  regulating  the 
arc  by  meclianiMm.  It  effects  this  by  adjusting  the  distauos  of 
tho  carbons  periuunently,  aide  by  side,  using  alternating  currents 
to  iusnro  equal  conaniuption  in  both.  The  carbons  are  mounted 
in  braes  tubes,  by  which  the  contact  is  made,  and  aepirated  by 
a  layer  of  plaster  of  I'aris,  and  at  the  lower  end  by  a  oement 
which  surrounds  the  carbons  and  tubes  and  binds  tho  whole  to- 
gothor.  A  strip  of  plumbago  and  gum  joins  tho  upper  ends  of 
tbo  carbotiK,  imd  cti«blo8  ihe  current  to  pass  and  form  the  arc; 
but  if  this  ia  oncu  t'Xtinguished  thore  are  no  means  of  ro-li^hting 
the  candle.  Tho  plastur  of  I'aris  becomes  hestod,  and  is  then 
a  (Mtrtial  conductor,  currying  portion  of  tho  currant,  bccotaing 
vividly  luminous ;  it,  howovor,  produces  tho  intcmiittont  rosy 
tinge  which  frequently  flashes  into  tho  light  Ak  Dh^  cJindles 
'  am  only  1^  Iwur.  a  lamp  i«  nsod,  which  contains  four  candles, 
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with  wiiv«  and  n  commutator  &t  the  foot  of  the  lamp  to  throw 
th«  citrrent  intri  any  do«ii«d  one  of  the  oandlca. 

Tho  tight  i»  rtiore  uusuiadv  thau  thul  of  any  infertor  aro 
lamp ;  and  tlio  light  generated  for  the  uuergj-  Bupidied  in  luuoh 
below  thnt  of  ii:iy  goild  one.  Oonnt  du  Moucg!  plaoed  n  caudle 
and  Sorrtn  lamp  on  two  wiiiiW  drenita  of  a  macliine,  and  found 
that  tho  lump  giivo  xhux!  limw  tUo  light  of  a  candle.  They  give 
about  450  cmidleti  in  Ihcir  beet  direction,  the  horizontal  Une, 
which  the  opal  globes  reduce  to  172,  and  to  about  90  on  the 
KToiiud.  Faintly  ground  globes  are  now  useil  in  this  and  other 
MgUfin  to  diiiiiiiinh  this  loss  of  light,  with  the  disadvantage  that 
the  giiire  in  ao  great  aa  to  dazzle  the  eye. 

A  number  of  modified  forma  were  devised  to  take  a  share  of 
the  leraporary  snoceas  of  the  "  candle,"  but  they  have  all  diod 
off. 

1229.  Carbons. — At  first  the  diHrcoal  of  wo-id  was  employed 
but  was  displaced  liy  the  grapbitiu  deposit  oF  en*  carbon,  out 
into  square  rods:  but  this  not  only  contains  su^hur,  iron,  and 
silica,  bTit  is  of  Ten"  irrogulftr  texture,  and  traverwMl  with  fin- 
sun*  ;  these  result  in  great  variation  of  tho  light,  ami  artificial 
oarbons  alono  aro  now  UKod.  These  are  proJui^ed  from  various 
forms  of  oarbon,  and  different  makora  nmploy  ditfi^rent  tiiix^sses 
of  pitrifj'ing  the  carbon  and  mnking  it  np.  i^ome  use  too  retort 
carbon  finely  powdnnil,  and  boiled  with  alkalies  and  nciila  to 
remove  tho  iinpnritiw  ;  gthers  employ  lampblatik  :  the  ugglum- 
eruting  nintertiiln  are  gum,  et'truh,  KUgur,  and  pitch.  Tbu 
materials  are  worked  into  a  tough  paote,  pressud  uitu  rudet  by 
the  liydraulio  procvsa,  gradually  dried  in  mouldn.  or  so  arranged 
as  to  jceep  them  straighl,  then  slowly  heat«d  up  to  a  rod  heat, 
in  ooko  powder  contained  in  retort«,  to  drive  off  ev-orything  that 
can  bo  vaporized.  Tho  rotls  ore  then  soaked  in  strong  syru]), 
or  in  dissolved  pitoh,  and  again  dried  and  carbonized ;  the  pro- 
cess is  repeated  till  all  porosities  aro  filled  up  and  an  extremely 
dense  substance  is  produced,  having  a  laetallio  ring  and  a 
fraoture  like  hard  steel. 

1119.  The  process  of  heating  the  carbons  in  a  hydro-carbon 
vapour,  called  "  tiashiug,"  first  emploved  by  Sawyer  and  Mann, 
and  used  by  makers  of  incaudcsoeut  lamps,  S  1250,  in  employed 
also  fur  arc  carl>uns,  which  can  be  packed  in  a  snitnblu  retort 
and  btiated  to  iueandGSoence  while  a  stream  of  vapuur  uf  gns-tar 
is  driven  througli  the  retort ;  this  procosB  is  in  fact  identical 
with  that  whioh  produoes  the  gais  carbon  ilself,  only  conducted 
under  conditions  to  control  and  faoilitatd  the  deposit. 

iljo.  The  presence  of  various  saltJi  afiects  the  light,  thus. 


^ 


55$  BLECTBic  uasnHO.  C'^S'* 

■Oilts  of  Mxliuin  tend  to  mcre&se  the  yollow  mys,  and  are  said  to 
lengtheu  the  arc  and  diminish  the  hissing  aounds  praduodd; 
luirax  also  t«nilii  ti;  reiliii;e  the  ri'jiiBuniption  by  ftudiig^  on  the 
Burfacv  and  dimiDishitic  the  Access  nf  uxygeii ;  knt  it  appei 
doubtful  whether  there  is  ndvitntage  dt riveiifi^itn  any  additic 
«xoept  the  tliia  coating  of  coj^per  wliicti  is  employed  in  some 
oatieB  ii>  luwor  the  rugjetanoe. 

1 2} I.  DiJcTeat  makes  of  cnrliou  consume  at  difibreot  ratM 
with  the  sumo  current  and  light. and  it  would  appear  tlutttliou 
bttMoil  ujMQ  uuiform  mikterials  give  btiDt  resiilUi:  that  is  to  i 
tho  carbon  is  a  laiupbUclc  derived  from  burning  pitch,  and  i 
OL-menting  mutt^ria!  the  siimu  pitch  dissolved  in  naphtha. 

The  cimtuniptimi  of  carbon  in  about  twioe  uh  much  at  the  -f-  as 
at  the  —  oon<fiictor,  and  the  total  ajipeam  to  be  about  grain  'ofi 
per  candle  of  light  por  hour  in  the  Jabloclikoff  system,  and  from 
■I  to  -o;  ill  the  uru  lamps,  dimtnisbiug  as  the  power  of  the 
lainp  iuoreaMea. 

'riie  most  complete  examination  of  the  behaviour  and  dnration 
of  cnrbons  vill  Ira  found  in  a  paper  read  by  Mr.  Louis  Marks  to 
the  American  Institution  of  Electrical  Engineers,  list  May, 
1S90,  and  contained  in  the  '  Electrician,'  vol.  3j,  p.  154. 

I3J3.  fscANr.ESCBNT  OR  Glow  LioriT. — The  fact  that  liKht 
ooutd  be  produced  by  the  eloclric  current  j)aestng  through  highly 
infusible  materiatd  was  known  early  in  this  century.  rlatinniD, 
iriUium,  and  earbon  were  all  oiamined,  and  in  1845  King 
patented  lampa  of  cftrbon  in  vacuo,  while  Do  Changy  made 
■uccessful  attempts  of  tho  same  nature  in  1858.  'fherefi 
recent  progreas  rolates  not  to  principles,  but  ti>  details  and  t 
mclst  offoctivo  mode  of  giving  pructic-al  effect  to  the  principlus. 

The  generation  of  heat  by  the  current  is  explained  S  387, 
and  that  of  light  by  this  heat  in  tho  eiirly  part  of  this  chapter, 
but  it  18  necessary  now  to  examine  some  of  tho  facts  non 
closely. 

i2}}.  Atomic  or  mole^ilar  heat. — In  §  17  it  is  mentioned  that 
boat  aet*  upon  matter  aoconling  to  tho  atomic  weights,  and  not 
aoi'ording  to  the  weight  or  moss  merely :  but  muny  faota 
■ndic^ate  that  it  i^  not  really  the  atomic  weight,  but  the  molecular 
weight  that  we  ought  l»  oimsider,  for  the  same  substanoe  in 
tho  elementary  state  may  have  different  relatiuna  to  heat;  thia 
is  particularly  tho  case  with  cnrlton  in  its  eeveral  fomui :  thia 
fact  is  atrikiujfly  exemplified  by  many  ins(aiic<.-H  now  known, 
in  which  a  nubHtiiuce  undergoes  »ome  unknown  change  at  a 
particular  tompi-rutnre,  by  which  its  propurtiea  are  altered; 
iron  undergotts  such  a  cbnuge  in  cooling  from  a  great  heat, 
Wild  gold  givos  u  striving  i\\uaUu.Uon  uf  auch  a  ohauge.    When 
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molted  and  Bupor-hoatod,  it  will  «ki1  g^raditnlly  nnd  niii«tly 
till,  at  a  corUin  utago  it  niittilcnly  hcatit  H{>nnt«uoo<uly  and 
glows  vividly,  aftor  whioli  it  goes  on  cooling  ([iiiotly. 

iaj4.  This  phonuinoDOD  is  oalltyl  reeatuKencf-,  una  in  tho  case 
of  iron  accompanied  with  chaugcH  of  niiLjfnotic  and  olectrio 
propcrtios  which  prove  theao  to  bv  functiuun  of  mntorin)  Htato 
or  structure,  S  Ii66.  The  erUieal  poinbt,  its  ttiuy  aro  called, 
probably  correspond  to  a  now  molcutilur  uminguinont  of  tho 
atoms,  to  a  passage  from  one  allotropic  Ktato  to  nnothor,  in 
which  a  difTeront  quantity  of  energy  is  TOinliiintd  with  the 
atoms,  and  the  siidden  heating  in  duo  tu  tho  notdntiul  or  luU-tit 
energy  of  one  form  eiviog  up  the  exoeee  of  that  needed  for  tiio 
other  form :  in  all  liltelihood  the  number  of  atoms  built  up  into 
ODO  moleonle  is  altered  at  this  inetant,  with  other  chiingoo  of 
physical  properly,  as  in  the  cane  of  o!'i>ne  O,  and  oxygen  O, 
aescribod,  S  Cji.  It  appears  highly  piuhabiD  that  atich  u  obangu 
aa  oooiirs  under  theso  circumjita.ncoB  iiiity  be  cuunuctj.'d  with  that 
Tariation  of  ohemioal  affinitice  by  which  gold,  fur  inetanoe,  is 
univalent  in  ouroua  salts  as  the  cyanide,  and  trivaleut  iu  anno 
sal's  as  tbeobloride,  and  so  generiulr  with  thonu  melala  which 
form  two  OT  more  sets  of  »alts  of  differing  valeuoiett. 

iljl-  Tho  resuU  is  that  the  same  quantity  of  heat  produces 
dlffei«nt  temperatures  iu  equal  weights  of  the  same  substanco  ; 
but,  subject  to  modilicntions  indicated  §  672,  a  )ixed  quantity  of 
boat  wilt  raise  an  equal  number  of  mnWulns  of  diflerent 
HubntAnccs  in  the  same  phyBical  state,  to  thu  same  temperature 

The  atomic  heut  is  the  product  of  tlie  atomic  weight  an'l 
•puoific  heat,  i  jSS,  so  that  wo  have 

Platinum  197  x  "OJSJ  =  6"99 
Graphite      11  x     ioi8  =  a-^i 

ijj6.  We  have,  however,  chemical  evidence  that  graphite  is 
BBHEtially  different  from  rarbon,  of  which  we  use  tho  atomjo 
weight  II;  it  isalbtropioearbon.Find  if  wo  rookoothemoleoule 
of  platinum  ;is  2  atoms,  and  that  of  graphite  aa  5  atoms,  we 
should  have  nearly  equal  molecular  heals,  but  this  is  a  mere 
hypcthasis  at  present,  ond  these  ti^un-n  arc  given  to  show  the 
variety  of  actions  involved  in  the  production  of  light,  awaiting 
ftinher  knowledge  for  tlioir  application. 

13)7.  ^toTii''  Of  molecular  volume. — As  different  snbstanoes  have 
different  molecular  weights,  and  also  different  specific  gravities, 
it  is  evident  that  in  a  conducting  wire,  which,  S  ^^7,  ia 
primarily  a  volatas  or  defined  space,  we  may  have  vorv  diSerent 
nmabora  of  molecules  taking  part  in  the  action,  and  therefore 
diSbrent  relations  to  heat ;  these  relations,  like  reeialance,  vary 
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also    with  tomfwmture,    which   niters  Tolume    differoDtly    ui 
diffi^reat  substances. 

^^;=atvol.    PUtii»imj[^4-,=8-9"-    GrapUtej ^^=11 -4 

Now  if  we  multiply  together  lUeso  figures  of  ntomic  heat  and 
tktoiuio  volume  we  get  for  platinum  j9-3,aud  for  carbon  35  "6,  as 
tlie  orjoiparativi;  temperatures  to  which  equal  beats  might  nuM 
wirod  of  ihe  same  diameter. 

11)8.  Speclfie  retislance.  p.  37;,  Col.  IlL.aDd  that  modified  by 
thu  variatjou  due  to  temperature,  would  have  to  be  taken  into 
account  in  considering;  the  oScct  of  equal  currents,  and  we  have 
not  as  yet  sufficient  facts  to  make  it  worth  while  going  further 
than  to  thus  indicate  a  coiirso  of  probably  interesting  research. 

I3}9.  Radiation  capadtn- — Not  only  has  each  gas  its  own 
spectral  linos.  $  1 172,  but  each  solid  substance,  while  genorating 
all  the  rays  correeponding  to  its  temperature,  S  1186,  has  a 
capacity  for  goaerating  or  emitting  specifio  taye  in  grentont 
abundance:  thus,  if  a  piece  of  whit*  earthenware  with  a  dark 

iiuttern  upon  it  be  heated  iu  a  funiacc,  wheu  euen  in  tha  dark 
ly  it*  own  liglit,  the  dark  pattovn  will  uppeitr  thu  brightent, 
that  is  to  »ay.  tt  will  emit  the  light-rays  uf  the  Hpectrum  more 
fnM-'Iy  than  the  while  grouud,  though  buth  are  at  the  same  tem- 
perature. If  a  platinum  wire  be  partly  polinhed  and  part 
roughened,  the  rough  part  will  be  brightest  when  heated :  also. 
tt  piece  of  glass  and  of  iron  being  heatvd  iu  a  furuaoe,  to  the 
same  beat,  the  iron  will  be  bright,  while  the  glass  will  give  little 
light ;  on  the  other  hand  the  gla^s  would  be  found  to  emit  more 
of  the  dai'k  rays  than  the  iron.  Carbon  has  this  property  in  a 
high  degree,  and  it  appears  probable  that  if  all  other  conditions 
were  equalized,  carbon  would  emit  more  light  ihiin  platinum. 

1340.  Glow  Lamps. — The  fallowing  extracts  from  a  lecture 
given  in  Newcastle,  by  Mr.  Swan,  30ta  October,  i38o,  will  givo 
the  most  interesting  account  of  the  origin  of  the  incandescont 
lamp.  After  describing  Mt.  Edisou's  experiments  with  platinaiUi 
he  says : — 

"It  hail  npiMared  ti>  ma  tut  Dlalij  yonrK.  that  l[  gv^r  *1ei.-trii)  light  wu  to 
beoam*  gtncmlly  UMrul,  It  would  mat  pralinblj  bo  If,  Itie  iDcaarlMrwTic*  ol 
Mrboo.  I  had  luas  hrXoit  tha  Umt  la  whifh  I  un  rtftthan  rcadercd  thU 
ld«  pradicabtf.  Am  1  innltrr  <>t  tiMorj,  1  wUI  dcicribo  ui  cipciimcot  nhidt  1 
tried  aboat  tnntj  ]rv*n  ■giL 

"  1  had  ■  Dumber  of  pleeu  of  ettd  ind  pip«t,  of  ndona  formi  and  tit**,  burlnl 
Id  cbkrcDul  In  >  crucible.  Thii  orUFlbli:  I  unl  te  b*  hMtad  whit*  hot  in  OD*  ol 
tb«  pott*t7  kiioi  he]uiij[io|[  to  Hr.  Willict  of  Korlh  UiiDka.  .  .  .  Mjr  carbon  was 
ia  Iht  fann  of  nn  aroh,  ibAut  ona  Incli  hi|[h  aad  ■  quarlar  of  as  inoh  wida )  tha 
(odi  of  the  iirch  were  heM  In  iinxll  vlumpt  *ith  aijuare  btwki  of  cuboa.    The 
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■Ir-pomp  hiring  b**D  worlicil,  t  haJ  lh>  |iimiin  I'tMting  lint  wUh  (lu  Isturjr 
##40  OT  JO  c«ll>t  nj  orbuniirtL  |a[iiir  arch  brcama  r*i]  hnl,  ami  that  oothiai 
Drar*  WM  nat'il  Ihaa  ■  ilill  itioiiicr  cormil  to  nut*  It  t[iT«  oat  ■  brillluit 

"That.  I  ottifiiltDtljr  hlirn.  *w  thi  irtj  fint  iutadci  in  whifh  cirboniud 
paper  vaj  «Ter  ufpl  ID  the  cfiDalructioD  of  an  mi'a.(iilt*nat  rltptrtf  lamp.  J  am 
now  ipcaking  of  iKentj  jT^an  tif^t  ani  at  ihit  lime  Iha  lollaic  batlerj  vaa  th« 
ehaapcat  aourn  of  el«trinly  liDown,  and  tht  mtaoi  of  prwluclnf  bi|th  T*i:ua 
V«ra  nry  much  leu  perfect  Ihau  Itiaj  an  now,  I  LiJil  mf  tleetrlc  lluht  oigwri- 
BUnt*  aaiiU  tilJ  abuuc  thm  yun  aj[v,  vhao  two  Ihinua  conuuited  tultail  me  tn 
pnnue  tb*  nubjiKl  afr*>li. 

"  Th«  iliKvrrrj  of  Ih*  iltnamn-nuicliiag  hd  MiUnl;  alt*!*!  (he  |>anlinn  of  th« 
qantioD  t-f  rlKlric  lijihlinE.  The  Sprrogel  air<p(unp  too  hni  been  inieiilcd, 
ginag  mgch  hi^hfr  mrua  ihin  Ihi  old  fonti  of  air-pump.  Mr.  Ctoakm'  rndto- 
■iwi«r  eipenmeata  hbl  ahown  ui  «b»  •  rtalljr  blgb  lacniuii  vaa,ut4  bo*  1* 
pr*du<M  ii. 

"  I  bad  ihe  gooj  foTtane  to  malit  Ui,  Sleain'i  aajualntancc  (wlia  bai  aeqalrei 
nifh  a  kDuwIuKe  v(  tht  Sprtogel  j'iim|i  ni  wai  onlj  aiiuollid  bjr  that  ol  lit, 
Croakn  IiIidihIO,  and  (hat  wia  ous  uf  thii  il«terminia)[  rauMia  of  my  moddiI 
atttinpt  la  tolva  the  prvblnni  of  alfclric  lii^htinj;  hy  the  inrnfulaacfoc*  of  carboA* 

*Md  Octiihiir  |H^7,  I  Mut  to  Mr,  Slearn  a  utmibvr  i>f  carbona  aait  lion 
raibsiiiirJ  ctnlboniil,  wiiii  the  miii-ot  tliat  hn  wuiilil  ^et  them  moaated  At  me  in 
glau  gliibru.  and  ll»n  itiiauiit  th*  air  u  cnmjileU'ly  ni  jXMiible. 

**  In  fl^i■t  lo  pr^uro  a  eihxI  ncuum  it  wrb  fnund  n^niuuirf  It  hoot  lh(  cirhnn 
to  a  rery  hi|[h  degree  iluriaj  (A*  /minrM  ri/  *rAaitt(ioji,  eg  ai  to  ei|tl  the  piir 
oealudfd  bj  lb*  carbon  in  Ihe  «old  atite.  In  order  to  mnlie  a  gooil  «onLul 
btlwaia  tb*  arboQ  and  Ibe  dipt  lUpporliug  it.  the  enJa  uf  the  i^ibuui   wer*  ' 

tbfakn*<l,  and  In  aome  of  the  early  eiperiincDta,  elect ruiirplnj;  and  hiird  tvUenn); 
of  Ibt  end*  of  the  oarbooi  to  pUtinum  itt  ruortad  to." 

I  J4r.  In  ihv  latter  nurt  of  1678  Ur.  Edison  turn«d  hwatten- 
tion  lt>  incjitiilosc^ont  lighting,  nnJ  it  would  appenr  that  tha 
MUud  invention,  thwnnnniinc<:<incnt<ir  which  produced  tho  panic 
nfomd  to,  §  IJ07,  wajf  rvully  ontj  uf  which  nothing  ban  nincu 
been  heard,  vis.  »  aemi-oonduotiu|{  incuailMount  iniitorinl  ouni> 
pounded  of  infiuible  eartha  and  carbon  or  metals.  1  had  myw'if 
pfttoatod  ■  nmrly  id«ntio»l  id«u  within  eii);lit  davs  of  the  date 
of  Mr.  Bdiioit'a  putoiit,  and  hud  ti.<Ktud  and  foiiriii  it  worthless, 
wbilu  tho  ncuK  wna  in  full  vij^mir :  and  1  laay  nay  that  the  idoft 
wail  miggeateil  tii  me  liy  th«  vivid  liglil  hliown  i>y  Jahlocbkotf 
at  tho  1S7S  Exhibilion,  di-rivvd  froni  n  ihin  atrip  of  plaMtgr  of 
Paris  iDade  incandcHi'itnt  by  an  induolJoii  cuil.  I 

1 143.  Air.  Edixon  then  t(><>k  np  platinum  itiid  miulv  »  vviy  good 
Ump,  based  upon  hi«  ro-diecoToij- of  the  effect  of  grndiial  rvpcaled 
heating  in  rendering  platinum  niuroculK-mntand  infuviblu;  but 
even  tnin  would  not  Htand  working,  am)  then  Iiih  iidiniTiiblo 
poreuVL'raiiuu  in  the;  vuduiivour  tu  ucuoiiiptieh  wiiat  ho  bad 
{ironiiaeil  tu  dii,  I(.-<1  bim  to  try  carbon.  And  in  hix  pak'iit  of  tba 
loth  Nuvembi-r,  1^79,  be  Apcaka  of  using  "carbon  wires,"  and  j 
Mtye  he  hai  disoovvreJ  llint  even  a  cotton  tliix«d  proi>erly  n 
onrboni/ud  io  absobitdy  ntublu  at  very  high  louipvraturcv  in  a      II 
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Kw1('<l  liulli  cxhftiuiUid  to  fln(»-nulli(iiitb  of  an  AtmoaphciTV.  IIu 
iiicxliauntiblu  uxjiiiriinuntftl  eiiui'g;}'  Itxl  liim  to  examiiia  ft1mo6t 
every  imugiuublu  (M>rbon>proiluviug  BubiibLDoo,  uul  uftvr  Bristol 
buurd  iiuiiclml  oitt,  hu  ultimately  MtUud  ujMa  buaboo  ahaped 
iiito  siiitublc  form. 

I34J.  Alt  to  the  onlor  of  diaoovcrj,  Mr.  Swan  wont  <m  to 
■ay  '■ — 

"  In  An  irticU  wlikh  n[>|>tArc-l  In  the  Fcbruarir  numbtr  of  ScrAntJ-'t  l/agiumit 
nullii'UiivnliKl  l\  .1  liiltui  I'lKiii  Mi.  K41»jU  la  Uiv  un»  palUvatiMii  U  MtUui 
tliiit  jVlr.  KiliiDii  wiu  Ih*  linl  Itt  lur  aitlHinitcJ  )U|»flr;  that  U  ia^omtt.  Jill 
thu  iilmr  cHTur*.  Jif^fir  ^  c[f*rn|itJi>Ti  vf  ^pTitit;;f<]*»  jiuiiip  uhaI  la  «xlututiB£  cLmv 
Jninp*  :  '  Mr.  tiditnn''  ii-«  dC  cctLdh  in  mirli  >  vjii,-iiuri  i(  (Ptirvl;  new.*  S«m, 
1  diiuD.if  Ihoic  ire  mitajr  h*re  wlio  »ii1  rciiivmlxT  this  litlle  lamp,  wlilek  1 
ahoweil  hen  two  jcai-i  ago  in  Botioa.  Thi>  lamp  tia>  ciaotlj  tlii  (am*  ilmpBcitf 
u  my  [iruunt  lump,  belug  compoHid  cDtitvlf  of  threi  lUtataBcn,  rlt.  gUia, 
pUtiDiiDi  nail  dii'lHia.  nn'l  1(  wm  « ihiuited  la  preclHlf  ihc  Mnoe  iniuia*r,  (od  U 
Ihe  minu  •lnjfrui:,  ■>  thut  which  Mr.  Upton — no  duubl  la  g«od  fkllh,  b«t  ttOI  ta 
■jTcr.— fbpfliikiL  cif  iiH  ■  KnCirfly  »cu^.^  1  du  nal  mtalLon  tliCM  thing*  Ia  aujr  wajr  to 
iliipuriiK''  l^li'-  t'li-oD)  I'l"'  u"  I'n*  i^»  uioim  luors  blghlf  hia  lB*«Dtlvi  cBojw  liin 
1  Ho.  I  menty  ttatv  tbtat  fact*  bfcaue  [  llilnk  H  It  right  lo  do  lo  id  mf  VWl 
iatir«(,  sud  Id  the  intervBt*  of  trua  hitii^r]'." 

1244.  An  a  matter  uf  true  history,  nuitber  Ur.  Swaii  nor  Hi. 
RdiMoii  bavi)  any  daiiu  (ihougb  this  was  sot  up  and  {irumised  a 
rruitful  hurvt;nt  tu  tbe  lawyers)  to  the  use  of  car1»D  aud  Tacnuja, 
ttiugiy  or  ooinhiiiud.  They  useil  a  fintT  thread  or  mre  of  carbon 
tliaii  previous  experiiueut^rs,  or  at  least  tliau  othen  wen 
{lublioly  acquaiutva  with,  but  this  gave  no  right  to  material  or 
size,  for  otheni  had  only  been  liuiited  in  thia  matter  by  tim 
difficulty  of  jiioiiueing  very  thin  carbon  rods :  eveiy  ono  bad 
Kiiiiglit  to  UDo  aa  |>erftict  vacuum  as  poesiblo,  and  tb«e  wm  bd 
(liswvury  ill  using  tUo  improved  vaotia  op»n  to  every  oiwi 

niiy  puqHMC.    The  real  improveiuentsof  both  claintaota         

in  tliv  mode"  of  ubtaiuing  a  "  carbon  wire,"  and  in  the  details  of 
Uiu  con ntriii; lion  of  the  lamp  it«elf. 

The  incandac<-nce  of  carbon  in  mctiitm  was  patonted  by  Kinc 
in  1B45,  and  invented  by  IStarr,  an  American,  aseooiated  witE 
King  in  «ItM!trio  lighliiiK;  they  UBod  the  best  vacuum  then 
atlaiuubla,  thai  produoed  in  a  barometer  tube,  and  Mr.  Mattteu 
Williawa,  who  waa  vrorlduK  with  them,  says,  "we  had  no 
dilfioully  in  obtaining  a  splaudid  and  perfectly  steady  light. 
'Wa  uaed  platinum,  and  allon  of  platinum  and  iridium,  and 
then  tried  a  uultltade  of  lorms  of  oarboo,  inoltidiug  liarnt 
cnue." 

]|L  Jobard  in  tS}S  publialied  the  idea  of  uaine  a  email 
s«  a  ounductor  of  ourrent  in  a  vacuum;  and  M.a0Cll*BS^iUl 
eficctive  lampe  of  this  kind  which  were  itubuiitt«d  to  theXttd^my 
of  ijniwob  in  iSs^- 
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t34j.  Patktt  Law  ahei  Scichcr. — We  have  hw)  nacaorvna 
gitiU  over  tho  pr<^;TiMit  of  oloctrio  lightine.  the  on«t  of  which 
th»  pablic  hna  to  My  in  ttiu  Ioqh  nin,  which  h«vo  Mt  tip  most 
unfortuniito  prt<c<>cli<iitii.  Moat  i>f  th<MM  octtiinH  haro  not  tmIIj 
bwu  about  roal  I'nFKndVnu  ut  itll.  Tim  man  who  makM »  nil 
discovery  kqiI  works  it  out  it*  n  txtnofaol'ir  who  ought  to  be  re- 
warded :  but  wv  o«iinrit  Huy  tliul  cjf  u  mnn  who  muktw  only  the 
fint  grasp  at  a  piciv  of  common  hmieU.dge.  If  t)i(!  ntul  fimniln- 
tion  of  a  olium  to  II  {whrnt  \a  thu  givinj;  of  ixi tin: thing  to  tho 
public  whi<-h  it  might  nut  utliLTn  iou  obtain  ^uiid  ttiin  in  tho 
theoi'ctictilly  Ingul  atiil  n.«Mi>Dab]o  fdunilatiun)  t)i»ri!  oii^ht  to  bo 
no  patunt  for  muruly  Applying  a  well  known  fact  to  a,  piirpoce, 
Holf  obviouH  e.n  hihiu  uh  tne  purpose  is  worth  aoooinptixhing. 

Evtry  ono  kociws  that  curroiiU  will  work  apjinriituii  in  Muriim 
or  in  iiri;,  and  pauh  han  its  tulvautai;i>« :  yt-t  mueit  guriijiin  oUJiua 
ar«  piitontwl  \t>  the  right  of  difetribuliug  upon  one  or  other  it f 
tboKu  priucipUti.  Claims  of  this  order  are  even  haaeil  iijion  mere 
aocidi^tital  exprvHsione  made  without  any  clear  kuuwt^lj^e  at  the 
tluie,  but  wiih  a  meaning  read  into  them  afterwards.  Let 
lawyers  say  what  th«y  will,  tliis  ia  a  wrong  on  the  pnbtio. 

i'tirhnpe  the  heat  de6nittuii  of  a  jiiat  patont  is  that  of  Jastice 
Gi)c«  of  America  in  tho  Singer  inauliino  caao  :  **  Patanta  are  not 
monopolivB,  becaune  a  nionopcdy  in  thitt  which  sogregatos  what 
WH  com  mon  before,  and  givtw  it  to  ono  person  or  class  for  use  or 
profit.  A  patent  ia  that  which  bring*  out  from  the  realm  of  mind 
■ODwtliinK  that  never  exint^d  Ixtrorc,  and  giveait  tu  tho  country." 

1 146.  It  is  remarkable  thut  tho  two  leading  inventors  of  the 
Oarhon  lamp,  Uwan  and  Edinou,  each  claim  a  drjinite  prineiplp 
in  producinB  the  carbon  wire.  Mr,  Swan  took  an  or^raniEcd 
Ktructure.  crotchet  cotton,  an<l  Hr-ilrfi/t  that  timcture  by  acting  011 
il  with  acid,  MO  an  to  ^o<tuc<^  tho  cotton  libros  to  a  gummy  aub- 
atanoe  Iwfore  ourbonizing,  Mr.  Ediaon  uhc<1  the  bamboo  strip 
l>ecau»«  it  liai  a  definite  itrvrtural  form.  It  may  bo  that  the  preaenco 
of  ailica  jilays  an  im^ortaut  part  in  the  Ediaon  tump,  but  it  ia 
very  cviiieut  that  neither  of  these  prineiplits  cud  have  any  im- 
portanco,  lieoaueie  makera  of  lamps  pay  no  atl>-ntion  to  them, 
but  Mr.  Swan's  prooeas  ia  most  generally  uaoil,  and  Mr.  Edison's 
name  of  "  filament "  for  the  conductor  proved  of  great  importance 
lugally. 

Other  nantes  must  not  be  overlooked,  and  Mr.  St.  Oeorge 
Lane  Fuk  ranks  nearly  parallel  to  Swan  and  KdiMon  in  the 
introduction  of  inoandesceut  lighting,  though  for  aoma  reason 
he  fell  out  of  sight.  There  is,  however,  no  prutenHion  in  this 
work  to  examine  questions  of  priority  or  luerit,  exoopt  InoEden- 
tally  and  in  the  course  of  description. 
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1247.  Tliu  difltrenoes  in  the  Tarioua  Umps  oonaiat  id  details, 
■ouiv  uf  wbioli  require  set«r»te  cODSiderotioD. 

Fvrm  0/ carbon  wire. — The  Edison  i«  a  tell  arch  ;  the  5im»»  U 
A  Biiuilar  arch,  of  which  the  upper  part  makes  a  apirml  of  OM 
luin  of  half  an  inch  diameter.  The  Maxim  is  a  longer  culwi 
folded  up  in  the  fonii  of  M-  Al)  thia  a  not  a  mere  matter  of 
form;  they  act  very  ilifiortnlly  iijion  tbecro:  when  the  "wire" 
is  in  candescent  it  upiwunt  l^i  Ix!  verj-  greatly  iticroiwed  in  size : 
this  is  an  oplipnl  rennet  iu  the  eyo  ituvlf,  a  nwult  of  trradiati^M. 
The  result  is  that  a  (imiing  of  wirt-s  iiwr  oach  othor  appears  te 
hlciid  in  mir  mnMi  uf  light  which  is  letui  iliiitr(.-tuiine  to  the  8i}[ht 
than  an  (»piul  (luoutity  of  light  issuing  fri'iu  une  distinct  wit«: 
thim  u  Mitxiiu  tight  is  more  easy  to  tlio  eye  than  an  Kdiaon  of 
i^^nid  piiwur.aud  the  .Swun  is  intermediate. 

1 24B.  VinKtimons  0/  '-arbon. — Thew  are  governed  l>y  the  aama 
principles  as  llie  heating  of  winv,  §  jg^.  Therefura  the  light 
given  is  proportional  tg  the  Irngth  of  equal  wirew,  subject 
to  the  greater  Ioks  of  heut  in  iihart  viirc*  by  the  mon  rapid 
cooling  throiich  the  cunnoctionit :  for  this  reaxini  iooandtfooat 
light  18  readily  siibdiTisiUo  with  liftlo  loss,  while  arc  lighting 
snRbrs  a  loee  at  k<iu>t  im  tbo  iiqiiiira  of  the  division. 

7%n  fmaUtr  ihr  u-iVw  ihe  ijrtalnr  ihr  eronomy,  beoanso  of  Uis 
fuoility  (if  geinirutiiig  high  ti!m]>tiruMire :  but  this  reduction  is 
limitod  by  the  cupiuiity  uf  the  material  to  oudnte  th«  totnpei^ 
ture  without  spoidy  dt«it  ruction. 

The  heat  diamrUr  is  still  a  suhjeot  of  osporiment,  and  will 
yet  be  in  fine  need  by  improveioeut  iu  tlieatruciureof  tliu  carhoo 
itself.  The  Swan  lamp  carbon  is  abuut  c  2;  mm.  in  diamotnr. 
and  the  Siemens  35  caudle  is  0*37  mm.,  both  of  circular  aectioD, 
whilst  the  Kdison  16  oandle  oirboo  Is  of  oblong  seotion,  with 
Hides  o- 1  and  o'2  mm. 

LamjHt  are  also  made  of  mnob  larger  Mctions,  snuh  an 
BcruKtviu's  luw  rusisiaiice  lamp,  furnH^  tif  a  hollow  cylinder 
of  carlioii,  so  an  t<i  ohtuiu  large  indtatiiig  Kiirfsco  with  amall 
(jnantily  of  mutvriul,  iimuk  lurgr^r  inirrunt  and  lower  voltage 
tnnn  arc  found  to  give  the  Wit  nwults  by  other  makers. 

la^g.  Diffrrmt  materials  ani  employed  to  product*  the"fiW 
mmt.  "Vhn  rarbtm  thrcJulx  or  wirtM  could  not  hare  been 
imagined  a  few  years  ago.  It  is  tnie  wo  are  acquainted  with  M 
carbon  in  different  forms,  as  the  intensely  hard  transparent  1 
diamond,  the  fViable  charcoal,  and  the  crystalline  graphite ;  but 
none  of  theMt  ooutd  be  conceived  as  forming  a  slender  filanieDt 
of  any  strrngth  or  durability.  But  the  "  wire"  of  the  incan-  ■ 
descent  lamp  as  now  produced  is  nwlly  a  wire :  it  is  stnmg.  * 
ti'Ugb,  and  flexible  to  a  degree  compntnble  with  metala,  aud 
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thmeforo  will  bvnr  the  inevitAl)1«  shock*  of  IraoapoH.  Its 
api>«ttmio(t  itliH)  IK  that  of  a  gioy  gnnuUr  nuitAl.  not  ntilike 
eottne  «t«el  in  fraetarc, 

7%«  Aean  and  Bdmn  tarioiu  of  the  early  formB  aro  mon- 
tioned  S  1 246 :  tl>«  ono  wits  made  from  orotohnt  «!tlj>ii  pixrnh- 
entiuxl  liy  ncnU.  aD<l  the  other  IVom  Mlwjtcd  bamltoo  Ktripn. 
Laiur  Fox  lun-il  the  vej^lable  fihre  employed  for  hnximii,  and 
otliera  havo  tried  everj'  oonoeirable  Bbre:  soin«  aMtert  that  n 
Tej^tAliIe  flltro  oorered  with  animal  flbre  §ucb  aaailk,  in  thel»«t, 
and  many  luie  oelluloM  dissolved  id  varioas  vnya  and  Imuitht 
to  a  aafl  paste  which  can  be  farced  through  a  suiuble  hole  iu  a 
cylinder,  aa  lead  wire  is  made,  rolled,  and  otharwiae  troatad. 

1350.  The  material  is  put  into  the  desired  form,  than  oarbnn- 
ixied  with  various  treatmeuts,  attached  to  two  platinnm  wires 
sealtx)  into  glaoa  and  cncliMod  in  the  bulb. 

The  Jtaahing  prooess  consiats  of  strongly  hoatin;;  tlie  oarbon 
by  paaaiug  current  through  it  in  n  bulb  filled  either  with  a 
bydro-caiboD  vapour,  or  in  Romo  cnwis  with  a  liquid  or  solid 
paraflln  :  tbo  rexult,  as  in  $  1319,  is  to  deposit  an  ezoeediuglj 
detisu  oonting  of  graphlto,  while  tho  action  oan  be  controllea  m 
an  to  obtain  a  oarbon  of  jnat  tho  resi«tanoo  dcaired  to  fit  each 
lanin  for  it«  Kpeoial  work. 

When  the  oontrnllinf^or  "nia«(er"  pat«Dt«  expire  in  1693  no 
doubt  thnro  will  bo  a  crowil  of  improvtments  brought  forward 
as  regards  Ixith  quality  and  cost  of  tho  lamps. 

iiu.  EfrrciKNCv  of  Inrandrtffnt  iMmjui. — A  clear  distinction 
should  bo  drawn  lolwo-n  the  cj^i'mcy  of  difforent  Innips,  and 
tliu  «»(f  of  the  li^ht  fruin  them.  The  efieieney  relntoo  only  to 
the  quantity  of  eurTQy  eonranitd  p^r  ranilli'-poiefr  produced.  The 
etat  doponda  upon  this  multiplied  W  iho  rott  of  the  energy  as 
delivered  to  the  souroe  of  light.  Effiuienoy  is  oommonlv  ex- 
pressed by  the  Wall*  expended  per  oandle-]>ower  or  invenwly  by 
the  "  caiiiiles  "  dovelojw  per  horae-power,  whiuh  nhouM  bo  elec- 
trical houMj  power,  5  11  n,  not  that  of  the  en ^iue, 

I J52.  Thin  uiprtBsion  of  h'ffft*  p«r  U.P,  ia  u-eful  as  a  atriking 
illustralion  of  the 'iitfi-reullij!ht-]iroduciug  eflfiH-tsof  oombustion 
and  (■t<'ctiii'ity.  In  §  itoyit  has  been  shown  ihat  ai  feet  of  ^ua 
will  ilevi-hip  1  n.P.  in  a  gas  engine;  this  gas  at  iS  candle- 
power  will  repnwent  £7  •  i  cundle-hours  of  light.  This  engine 
driving  a  dynamo  would  work  1 J  lamps  of  16  candles  or  give, 
say,  Joo  ranales  <if  light.  Thoroforv  the.  liijht-g'wing  e^cimeg  9f 
Ihf  clfetrie  »y$lem  it  Ihreefold  thai  of  covibtulioH  in  this  C(u«,  whioB 
is  a  fuir  coniparis'in  of  similar  lights.  An  arc  lamp  might  give 
1 300  candli'S,  or  elghteenfold  efficiency,  but  this  would  not  he  a 
reuHonubk*  coraparia'.>n. 

^^^ 
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Bui  if  wu  ooiupue  <09t  the  resnlt  woold  be  very  difivruit : 
tine  31  fe«t  of  gu  would  coet  onlr  ite  price,  wlu)«  to  tttibls  iu 
yield  of  ligbt  by  electricity  would  need  the  extrk  expotiM  of  the 
ongiiie  and  dynttmo  witli  tlw  neceesary  Ubour. 

laj}.  T&e  ewrgy  ^netulwf  jwr  caMW-poMer  iu  the  lipht  itadf 
ii  the  proper  teat  of  efficienty  of  the  light  source,  and  it  may  te 
well  to  nse  >;as  aa  a  starting  point.  On  the  data  of  S  1107, 
J  cubiu  feet  af  (;ti>,  giving  16  candlo-power  for  one  hour,  nvn- 
HeuU  lb,  -15  and  energy  in  fooUlbs.  j,5«),000:  this  ie  foot-W 
■S9i)7S  per  candle  boiir,  or  60  watts.  But  this  high  figore  b 
not  really  coinparabto  with  those  of  the  olectric  Ueht,  beoaov 
the  lattor  icproernt  the  nett  energy  expouded  ia  DeMutg  the 
caiboD,  The  various  neoc^oary  waatos  having  taken  place  in  the 
fires  and  ongiiics,  while  in  the  case  of  gas  wb  have  to  deal  with 
tlie  ffrc«t  energy  and  I'fl'i'ot  theso  wastes  in  the  flame  itcolf.  |  i  J  la 

In  the  ordinary  lish-tail  bnrnerfl  the  gaa  gives  od  the  avon^ 
little  more  than  10  ouiillo^  but  that  is  a  defect  sot  of  the  gw 
bat  of  the  burT)er9>,  itm^  for  which  the  coRniimeni  havo  to  bluoe 
thennselTes  as  al«>  for  not  pr»viding  proper  ventilation. 

The  rdatice  cott,  however,  depends  on  the  cost  of  energy  from 
diiEaTVnt  sources,  5  1111.  That  of  5  feet  of  gas  at  }*.  ia  in  poice 
'tSofor  16  candle  hours.  If  wo  lake  4  watts  as  the  praclioil 
equivalent  of  the  incandescent  light,  this  ia  64  watta  for  a  16 
candle  lamp  and  this  at  CH.  per  onit  is  ptnco  '  {84  or  donble  Ibe 
cost  of  gas,  and  tliis  is  found  to  be  practically  the  relative  ooetK. 

1354.  Th«  laalU  per  candle  needed  to  maintain  the  Ugfat  i" 
the  usual  expression  of  e£5ciency  and  cost  with  tbo incandeBOent 
eleotric  light,  'lliis  has  been  gradually  lowered  by  improved 
make.  The  following  table  showing  the  ndtie  of  different 
lamps  tried,  will  give  useful  informatinn  together  with  that  in 
S  1354.  They  are  not  very  recent,  but  it  ia  not  easy  to  obtaU) 
reoent  trustworthy  data. 


Sluim'i  \MBf. 

New. 

EMller. 

U^a 

U. 

IV. 

Vt. 

IL      1      IV. 

TI. 

Ataawi 

Xonna]  oandle* 

AjepsKS    .. 
'Obiiu(bot)      .. 
Volt-am  pen*    .. 
Walts  |>i>r  oanilla 
Otuitl)(viH-rolB<i.l 
U.P.             ' 
1 

I( 
100 

•41 

344 
40-OJ 

31* 

110 

it 

100 

5i' 

■Hi 

it 

J '44 
306 

36 
100 

So- 
laf 

Bo 
J -08 

131 

■a 
103- ■ 

•*« 

304 

ti"S 

4-39 

165 

101*4 

141 

73-6 
4-54 

•tJ 

»6 
101 -J 

el'* 

116-9 

4-4» 
151 

tt 
IW4 

7> 
141 

71 -s 

4-47 
■59 
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SUtemuiiU  ar«  uftvn  iu(i(l«  alxiut  Umim  aurkiiig  Kt  3  ■  (  watljt, 
anil  ut  mens  facta  they  maj  be  trao.  But  directly  a  lamp  is 
wurke<l  linydud  its  uroper  limit  iU  cfBeiem-y  drona  aiid  ita  light 
cuiissiuii  luwers.  iVtutworlhy  authuriti<w  aay  that  the  avorago 
ru<|uirvmuiit  uvvr  the  workJu^  life  ot  a  laiup  la  about  4'  j  watta 
per  o&ndlt.'.  li  ia  uut  well  th»l  cousuiners  abould  expect  diotq 
thaa  they  are  likely  U*  obtain. 

1155.  Jftat  effed  0/ lichU. — The  incaodesceni  lamps  gtiierato 
■uaob  leaa  boat  fur  equal  light  tfaau  auy  oombuHttuu  proouMi :  in 
fact  the  ratio  would  be  that  of  the  reliitiveetiergie«iu  the  lighu, 
l>ut  for  ihe  amount  curried  off  jn>Untial  in  oarboiiiu  acid  and 
water  vapimr :  the  actual  renult,  by  ex|)eriment,  is  tliut  the 
inoaiidi-ouent  tamp  gives  alxiut  utie-leutb  the  heat  of  aii  equal 
gas-light,  with  ubHoIute  freedom  from  ooxiouh  prcKluuts ;  thia  ia 
tlie  real  advantage  cif  tbo  incatidettceiit  light  over  ga«,  as  tbe 
iiae  of  even  high  illumiuatiug  power  baa  no  effect  ui>on  the 
hoalUi,  nor  upoo  bouko,  pictuns,  &c 

1156.  Ihese  are  uftttura  of  great  importauoe  tn  lighting 
yublic  auemblm ;  the  presence  uf  moistuie  mi  oarbonio  acid 
affects  the  aound -transmit ting  power  of  the  air,  and  the  row  of 
foot-lights  acrow  the  front  of  a  stage  sends  up  a  screen  of  these 
gastts :  it  is  found  that  thoM  affect  the  tranHmission  of  munio, 
which  ID  tliurefora  more  eOectivo  when  a  row  of  inoandeaceut 
burners  replaces  the  usual  ga&-jet8. 

Xiukvit  ifislntmenU  keep  ttiue  bett«r,  aud  tbU  applivK  xnui^iiilly 
to  organs  which  are  deraii>;eA  when  thore  are  luyera  of  air  of 
different  temperatures  affecliug  their  different  sela  of  pipoH. 

la^;.  Dtiralimi  of  the  Lamp*. — This  bas  been  greatly  increased 
aa  the  manufiuHiire  him  improved.  At  fimt  they  failed  very 
quickly  and  gavo  way  under  any  undue  current.  Not  only  han 
the  quality  of  the  carbon  wire  been  improvod  and  ite  tendency 
to  vaporize  reduced,  but  the  proper  limit  for  euuh  type  of  lamp 
ia  better  known.  The  "  life  of  the  lamp"  is  now  averaged  and 
even  guaranteed  at  1000  hours,  and  there  aie  instancvB  of  their 
working  for  6000  hours.  Uut  this  applies  to  oaaes  where  thoy 
receive  care,  Private  bouses  where  they  take  their  obanoe  of 
management  will  probably  &nd  tbeir  constitudoua  weaker,  and 
their  users  should  see  to  it  that  the  fittinga,  inim,  &o.,  ara  ao 
armnge«l  that  they  cannot  be  nubjeoted  to  overstrain. 

I3)S.  The  giving  teoy  of  the  earbvn  is  attended  with  some 
ouriouB  offeote:  tbeyoommonly  break  neur  to  the  junction  with 
the  platinum,  wbicli  may  be  due  to  a  meuhatiioal  stroMt  conse- 
quout  on  expansion  and  cuntractiou,  or  at  eumo  point  which, 
offering  a  higher  reaiiitttnou,  gets  unduly  heatoil :  this  latter 
should  out  liuppeu,  tut  the  piucess  of  flashing,  S  t3jO,  auto- 
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uifttioilly  reuadlM  trifling  inrignUriticM,  m  Ibc  groitcr  he>t 
tlier«  niduoM  tbft  carbou  niom  at  the  roquirod  apot. 

1359.  Till!  £iJMonrj7t^c(  tiirowH  light  upon  Umi  unnsott  of  injtiij : 
if  a  raeUllio  jilnte,  iKi>latcd  fnim  lli<!  oanxKi,  i*  Hiipportod  witbio 
tbe  arch  liy  h  wire  witli  a  tliiri)  trrniinal,  a  ctirront  puaoa  from 
the  +  Kicli)  or  thouarbonarch  to  thin platu,  bat  nut  in  tho  roTon* 
(Itrtctii)ii.  Thin,  wub  ujauy  other  faotn.Khows  thai  thuroi«mUj 
a  dmelive  ageiioy  lu  ihe  current,  ajiil  that  natural  Tact*  com- 
spond  lo  the  oonventiou  that  current  in  nckimeil  frvna  -f-  to  — . 
We  HikI  Htniilar  difit^rencea  in  the  carboiiB  of  Ibe  arc,  aad  in  tbe 
bruah  aiiJ  Bjiurk  discharge, 

1 2£o.  The  diuipatitm  0/  the  carbon  ap|>oarM  uol  tu  he  a  i-nporisf 
tiun  by  heat,  or  aistilliiliuii.  but  an  impiiliiivH  action  iiiinilnr  10 
that  which  [irodnceB  mt  mauy  beautiful  elfeots  in  Crookc'i 
vauimtu  tubes,  that  action  which  in  calleO  tht-  "bomhardmeDttf 
the  molecules  '* ;  the  mirface  of  the  earhon,  when  exatninvd  iiniler 
the  microBUojie,  apjitui^  to  have  bevu  Hubject«d  to  atnvM 
teudiug  to  ruake  it '  biiatly"  and  to  have  torn  out  the  leM 
oobereutiiortioiia. 

1261.  The  arrJi  thrown  a  thaiiow  of  itaelf,  a  light  linu  in  the 
dark  oarhoii  film  where  the  Hue  of  ihe  carbon  haaitaelf  roooivot 
thu  projected  punicled  aud  prereiitwl  Uieiu  from  reaching  the 
glaae.  Copper  in  in  like  manner  thrown  off  from  tlie  junotieo 
of  carbon  ntid  platiunm  when  thin  in  cujiperod.  The  eOWt  upon 
light  of  the  carbon  dejioitit  is  Hhown,  §  1204. 

1262.  Aa  thia  aotiim  <X'0!ii'ii  from  itie  +  side,  fiacture  of  the 
carbon  ia  most  fi-eijnotit  near  ibo  +  terminal:  tliereforo  it 
would  lie  well  to  reverao  either  the  lampn  or  the  wbolu  ctrcmit 
at  interval*.  With  iiitenniltunt  curn-iits  this  does  not  apply, 
but  they  intniduoe  their  own  cauHi'a  of  injurv.  Ope  of  thuae  ii» 
thu  oirouniMtanoe  that  while  the  au]>{ily,  tjie  lij^hl,  &c.,are  hseid 
on  the  "otfuctive"  current  aud  vuliiige,  §  4}!,  tbe  actual  ralUM, 
the  cri-nt  i>t'  the  wave  riMen  tii  aliout  onu'third  above  this,  that  i* 
iC  the  niiLTi'mum  ih  10,  llie  effvctive  W  6'^,  and  thin  not  only  Ureds 
iniii-e  iusuhition  than  an  equal  steady  uurrent,  but  it  pDts  greater 
elresHea  on  the  oarlHin. 

Kk peril- n<.'e  will  iHHm  dcoidB  whrtber  the  life  of  the  lamps  ia 
on  the  whole  greator  with  constant  or  alteruatiog  sai^ly  ;  bat 
at  preaeut  it  i»  nut  nnlly  known. 

1J63.  RATtOfl  or  LiijFiT  TO  CuitRRXT  AMD  EsKBor. — Light  is 
a  function  of  tomporaturu,  liut  d<H'»  not  increase  in  the  suns 
ratio :  tenipuraturo  is  a  functioo  of  energy  Knbjeot  to  spceifio 
molecular  proiwrtiee  of  tnattor,  and  energy  is  as  tlio  square  of 
the  current,  all  other  IhingH  ii^maining  unchanged.  From  a 
rufflparixiin  of  the  ro«ultit  of  many  olworvern  it  ap[wara  that  tlie 
fight  iucreases  aa  tlie  mxi^i  v^vivi  ul  ^.V«  t^rt^iivC^     If  wa 
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follow  ont  th«  tfaX  nKoninc  of  thin,  wo  m»>  thnt  it  means  the 
CBbftoftbeonorgycupcudi'd  (C)',  or  mthcr  it  woald  do  bo  if 
th«  rcHiHtAnoi  wm  iiiiKltorod :  a  •■tago  furthor  brings  us  to  thii  | 
rcault,  tliut  thu  tomporktiini  vkHoN  >h  tbu  uubo  of  the  ntergj^, 
and  Uiiuthd  light  u  im  tho  t"mi>«r«tura,  which  iip])t»rs  to  b» 
antrne,  $  i  <9o.  Thia  m^y  nt«o  bo  uxprcoae  1  by  thu  oiilx)  of  the 
Watt  a  cxiwiidud. 

On«  «xpiiritiiunter  find*  that  (C  —  C,)*  cires  the  baat  ex- 
pression for  the  Itiminoiis  pow«r,  C  beinK  the  aotti«1  currvnt, 
and  Cj  that  at  wliicli  thn  lump  l^Kiua  to  sbovr  faint  red.  Soma 
expenmeuts  l>y  U.  Felix  Luuw  itiutitrate  thia.  lie  uHeil  thin 
are  oarbons  in  a  Taonuiii:  uh  the  beat  rose  the  lij^ht  grew 
rapidly  to  uver  }00  oaroeU  aiid  then  more  slowly  till  at  4500"  ti. 
the  light  WHS  41 )  oaroeU.  But  raising  temperature  to  4700"  C. 
onljr  gave  4)0  oariieU,  and  «  rise  to  5003"  C.  bmught  it  down 
again  ^  4ii- 

1 164.  Sack  /orwulm  cannot  jxMsibly  be  Irve :  they  are  mere 
ttmpincal  expressions  for  the  actions  within  a  liniitod  range, 
witnin  which  they  arc  useful,  bnt  beyond  which  they  mislead. 
It  is  eviJttnt  thiit  tlin  true  luw  nitiat  bo  a  railing  curve  analo- 
gone  to  those  uf  iiiagnotiMni.  nnil  that  tliis  onrvo  will  Ifodiflbrant 
in  m<3tals  and  in  i'arl>ii:i  Iwi^utioa  of  t)iv  nsveran  order  of  rwist- 
anoe  vanation.  Thu  table,  though  obeolute  as  to  actaaj  lamps, 
illustrates  that  fact,  as  the  oldur^Cruto  lamp  was  a  platinum 
wire  upon  which  carbon  had  boon  deposited  by  tJoshing,  i  1  to). 
It  would  ropay  the  student  to  work  out  the  oorresponding 
curves   whidi  explain  i  iigi-j. 

Bario  OF  Liobt  to  Cubbbst  Ain>  Wokk. 
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niiiny  lamps,  owing  to  leakage  wl 
tlie  gta>B. 

ti66.  The  Oo«t  of  ELEcrKto 
erroneous  Htatoiuouts  vere  miulo 
trnvagiuil  vxpoclatious  ou  tho  prtr 
uuwisu  iuvestiiionte  which  riwilte^ 
of  tlie  Qrrov  was  tiio  coni|i(iiriDg  lo) 
tiim :  arc  Inintis  givjug  2000  c»Dt 
10  or  16  en  tidies  power.  S  lij^- 

It  w»u1i]  be  WMto  of  tinie  t"  cui 
HS  it  vurieo  witli  each  cue :  the  01 
he  Ilk  sLiitement  of  what  had  bvuo 
(Utiuns,  *ml  this  would  he  out  of  p 

1267.  Statements  coramouly  m 
lights  arc  ubo  iiiisleadiug  when  di 
because  while  all  becomo  t-ooiiouiio 
eaoh  onu  haa  its  proper  limit  at  1 
while  workiug  uninjured;  a  cod 
bonMvpower,  or  wntta  jjor  candle  is 
at  that  limit,  hecauHe  heyand  ti 
speedily  destroyed,  Uutre  should 
which  their  htnips  are  uit-aul  tti  wo 
auytbiug  higher:  tliey  should  not 
meiit«aHM  '■efficiency,"  8  1351.  'i 
Among  lumjia  In  tliin  respect,  whik 
praoiieal  c«st. 

1368.  Thi-t  ciui    he    pul   into  a 
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by  applying  them  to  otlier  cnnoa  g<;t  f&lau  figum.  Tbiui  adrcK 
OKtaa  of  electric  lightini;  froquAUlly  oMtort  that  it  in  m  cheap  or 
ah«uper  than  gua.     This  in  fals«,  and  yet  it  luay  tw  tni«. 

It  in  pratty  nafo  U>  say  thai  tiio  coat  of  iiioanileMwiit  li^ht  la 
Oil  the  average,  in  EtiK'^n^i  '•"•«*  '*"'  of  'jws,  and  likeltf  to  rf  inoin 
to.  But  if  wo  tak«  olner  pointa  into  account,  damage  to  gooda, 
and  BO  on,  8  1355.  it  may  bo  much  chfaptr  than  gat;  only  let 
people  uiideretaud  what  is  meant  by  cheapneaa.  Also  fignras 
obtained  frum  private  generatioD  uugbt  not  to  bo  applied  to 
"  supply  "  current. 

1370.  This  ia  one  of  those  mattenlD  which  "a  littlo  Icnow- 
ledf^  is  a  daugerouB  thing,"  %  i.  In  private  inatAllatiooa  aa 
important  elemt-nt  in  the  qiieation  of  cost  ia  the  time  during 
which  the  lij^ht  ia  to  be  employed:  the  intvrrat  on  capital 
outlay,  ice.,  ami  often  even  wagea  for  sttcndaQco  will  bu  the 
SftTue  for  ^00  huura  a  year  aa  for  looo,  while  in  many  caarv  of 
factories  these  would  cost  little  more  than  th<.'  extra  fuel 
conaumod,  aud  iho  value  of  the  dynamo  and  fittings.  Thin 
diK'H  not  count  in  the  cage  of  gait  Kupplicd  hj-  a  meter;  nor 
wvuld  it  ia  the  correH|)Ouding  oaau  of  diatribiiied  ehfotrioily  i 
and  llie  only  true  way  to  estimato  coat  ia  to  oonaidcr  the  actual 
oonditiouH  of  each  case  and  apply  to  it  the  oonaidurotioua  of 
fiS  I3J3-4  aud  i  \i6-i. 

1371.  FiTTiKQs. — It  is  impossihle  tu  deecribe  theao:  (hey  are 
the  anbjecta  of  many  inventioDH,  or  at  all  events,  patentji;  but 
they  are  really  adnpUitirina,  to  the  apecific  purpooe,  of  well- 
known  meona,  either  iilready  diNtoribed  or  obvious  to  any  one 
akilled  in  the  subject  1  tbey  are  merely  furnin  of  connections, 
commutatura,  Ao.,  modellud  on  the  ordinary  ifos  fittinge,  while 
tho  supports,  olectroliera,  im.,  are  rather  matters  of  art  than  of 
■eicnce,  and  however  suitable  to  a  work  on  electric  lighting, 
would  be  out  of  place  here. 
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117).  Trr  Electric  TetssRAPH. — Thisanbieci  ic  isoot. 
aary  to  go  into  at  a)l.  as  it  U  cuisorily  iketooed  i&  eraiy 
on  elootricity,  and  useful  kuowledgo  can  be  ^ven  only  bj" 
th'i  t«ohuicaI  works  It  is  etwontinlly  an  appUoktioa  of 
priDciijW  fully  explained  throughout  ihts  work,  aitd  naalvM 
itself  into  thrL'e  diatinct  syHtoms. 

(i)  Indicatory,  §uch  as  that  of  the  ncedlii  tnKlmments,  wlu< 
are  to  all  inients  vertical  galvanomoters,  i  ij^. 

(2)  Itecording  or  Mi-chanicaJ. — tiiich  nro  the  Mom  ami 
priutiu^i;  HyBt(>int>,  as  well  as  those  alphabetical  iiuitrumi-ni« 
n)iiuli  (lu  not  record,  but  make  a  t«mporarr  mdioatioD.  AH 
these  are  actuated  by  olectro-mai^ots  working  or  mlaantij 
clockwork.  Some  of  these  also  work  by  aotmd,  tho  laps  of 
olectro-inAgiiet  answering  to  the  contAota  modo. 

(j)  Chemical. — These  work  by  elootrolyats,  nroducing coli>u 
mttrkit  when  ourrrnt  is  passed  to  the  oloctrodon,  ono  of  which 
a   revolving   cylinder,  tho   other    a   point,  a   sheet  of  pa, 
meistened    vritn    the  electrolyte   being    intorpowd  and  tUaVm 
between  the  t^liuder  and  the  xtylo. 

Tbo  telegraph  system  is,  thrin-rorr,  tho  oSbcting  of  oomni' 
electric  actions  at  a  distauco,  und  is  wholly  a  matior  ofresia' 
and  inslruiuents  fitt<^  to  work  with  emiill  ciirronts. 

1J7).  Duplex  3>%r(ipA^.  — This,  tbo  onuiiing  two  meeeagcB  to 
bo  transmitted  by  ono  wiro  in  opposite  dircHitions  at  tbe  »ui» 
tini(!,  hu*  only  been  practically  onucted  within  a  rvc^nt  ptrriod, 
though  th«  principk«  involved  wtjro  kunwn  long  before.  It 
depends  upon  a  very  caroful  tmlanoing  uf  rcsistanoee :  the 
oorrentM  do  not  piuw  each  cilhirr  at  ull,  hut  if  sijtnala  are  sent 
simultiiiii-'oii-ly  thv  elTont  ia  that  lliu  receiving  iniitruniODte  are 
really  workul  by  the  hutleriiMi  of  their  own  station,  not  by  tb: 
of  the  standing  station. 

The  instruinoiit  is  emwntially  an  elcotro*niagnot  wonnd  wi' 
two  wirea  liko  a  ditforential  galvanometer,  and  acting  npon  the 
■anio  priocipleti.  In  one  circuit  la  tlie  lino  wire,  and  in  the 
other  a  resiatonoe  equal  to  that  of  Uie  line.     Currents  sent  into 
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tbis  inHtrumiMit  froiD  ito  own  ond  will  thonforti  not  actuate  it, 
«s  th«y  divido  into  two  equal  partH  :  l>itt  n  oiimnt  entariDC  by 
tbo  litio  will  aotuate  it,  for  (t)  thf  Htatton  itaelf  ts  itof  MOding 
a  ciirrunt ;  then  tb«  Uue  ourr«Dt  paatKa  tJiruuKlt  oiio  circuit  to 
ttiu  juuctii>n  Mid  liack  tliniugli  ilie  otbor.  through  •  double ' 
nwstaDCw,  but  witli  doubU'  furoo,  and  w  works  tbe  instrumetit* 
in  the  uauul  way.  (i)  The  rt.-(*iviiig  atfttion  i*  *l-o  winding; 
tht![i  aoounliui;  tu  tli«  direcliou  of  tbtj  currents,  otio  of  tli<i  two 
oircuitB  c()iit>Liu8  tiu  addili'.-nal  or  au  opposing  E  M  K,  and  thus 
an  extra  portion  of  the  cuireot  euleie  one  of  iho  circuit*  and 
■otuutea  ita  own  iuatrument.  The  two  instruments  at  o|>p»sito 
end*  vt  the  line  being  alike,  and  tho  rcsi^iancee  proporlv' 
balanced,  the  operator  at  A  alation  alwa^'s  boixIs  his  signnU 
into  his  owu  instrument,  but  these  do  not  aflout  it  iinloKs  R  is 
atau  sending  signals  into  it,  and  therefore  each  operator  only  mmm 
upon  his  instrument  the  result  of  the  signals  traosmittod  by  tlio 
other  operator,  although  they  may  bo  actually  produood  by  bis 
own  buttery  set  in  motion  by  himself. 

1 274.  In  submarine  cabW,  there  is,  beaideM  the  line-resirtuKe^ 
the  viinishing  nKinraniN)  iluc  U>  "  itn]>odanco,"  and  to  work  on 
tho  duplex  system  a  similar  condition  must  liv  pn>duced  in  the 
Biicondiiry  or  liomu  circuit.  This  is  od'ecttid  by  tiHiiij;,  with 
tlie  resistance  ei|ual  to  that  of  the  line,  condt^neeni  equivalent 
to  the  oliurge  the  cable  iii  cupuble  of  tAking  up. 

1175.  QuadrujiUx  tetegmphy  is  effected  on  similar  prinoipleSi 
by  uiting  E  M  P's  .vnA  instrttments  actuated  by  only  one  of  tin 
cnrronU  traii8mitte<l  ;  'i  l'>w  f«rc<:  bijing  unuble  to  paaB  through 
a  very  high  ri.'siHt»n(i<  inMtriiiin'Ut,  wbiTu  a  small  current  under 
high  force,  which  will  a(.-tiiutu  this,  is  without  effect  upon  an 
ioGtrumenturianged  to  work  with  a  larger  current. 

1J76.  Automatic  Tr  A  SsMiTrEHs. — There  have  been  many  forms 

K tented,  but  all  are  modi  flea  tJuos  of  that  first  introduced  by 
In  to  woik  his  chemical  receiving  infitrumi.'nt.  lu  principle 
tha  transmitter  and  receiver  are  the  same.  In  each  a  levolving 
drnm  or  cylinder  rotates  under  a  meialtio  style :  in  the  receiver 
those  aru  separated  and  yi-t  electrically  connected  l-y  a  paper 
moistened  with  an  electrolyte  whioh  permits  current  to  pass, 
and  by  the  change  of  colour  produced.  TBcords  the  time  during 
which  current  paieea.  In  the  transmitter  a  strip  or  sheet  rfl 
paper  is  interposed,  whioh  is  perforated  to  permit  the  points  to 
touch  the  cyhudor,  and  allow  the  current  to  pass  at  the  proper 
times :  thus  the  marks  on  the  receiving  paper  correspond  to  tho 
porforationa  in  the  transmitting  paper.  But  by  tho  same  means 
any  kind  of  reoelTing  instrument  con  be  worked,  as  all  tran*- 
mittiug  instnimeBla  depand  upon  tho  making  vaA.  ^it«M3Kca% 
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(»}Dtact  iu  ono  or  more  cirvuita  for  diflurent  gradiiiiteil  iDtervala, 
auii  the  pa)>ur  can  be  anuuged  to  efl'ect  this  mucliauioanv.  In 
oilior  c-asce  a  eho^t  of  met^l  is  used,  cither  ne  a  cy\ia<\er  i>x  in  a 
flat  foiDi,  lutd  is  written  upon  with  nn  iuMulating  vurniHU.  The 
Ktj'lu  tnvgrsing  oTor  this  ehcol  in  n  succossioii  uf  elude  Unea 
pi-ijdiiccB  upon  a  paj>cr  at  the  other  end,  movi-d  witU  the  same 
vclijuitj',  marks  which  roproduoe  tho  urigiiiul  writing  or 
dniwiug. 

Thu  odvautitge  of  mcchaaionl  tnuismissiun  ia  that  while  the 
prepurutimi  of  the  iiifeeage  takes,  of  cuiirsu,  much  longer  than 
the  direct  proceHB,  rtiuny  Nuch  meeaages  may  lie  prepared  at  tho 
Huuie  time.  But  the  actual  trHuamiBsiou  aJoug  the  wire  is 
limited  OTiIy  bv  the  capitoity  of  the  reotiviug  apparatus  to 
record  the  signals,  so  that  one  wire  iiud  But  of  ree*iviug  instru- 
lueJits  will  do  the  work  of  many  worked  by  hand. 

1277.  The  priicefis  is  also  very  valuiiblo  in  im>uauriug  exactly 
the  period  of  any  action,  which  records  itjiidf  on  a  paper  moving 
with  a  fixed  veloc-ity.  Thus  tho  rolatioua  of  induoing  and  in- 
duoud  currents  may  be  made  visible  upou  papers  traveUing  side 
by  side,  with  styles  oonnevted  to  the  primary  eircait  and  iius 
two  ends  of  the  secondary. 

137B.  ELBCrrKic  Oboan. — In  this  the  access  of  «ir  to  thu  aeventl 
pij)e«)  or  roeda  is  controlled  by  an  eleotro-magnet  atlaohed  Ui 
each,  iuntcad  of  by  rods  and  levers  actuated  by  the  pressure  on 
tho  keys.  The  keys  tLomaelvcs  have  no  mechanical  work  to 
do ;  they  are  simply  "  breaks."  and  act  by  closing  tho  circuit  of 
a  wire  from  each  bey  to  its  corrfiBpotlding  olcctro-magneU  The 
work  of  the  jiorfonuer  is  theitifOTe  far  \aim  laborious,  and  his 
touch  much  lightened,  while  tho  keyboard,  not  forming  a 
mechanical  part  of  the  inalmuient,  can  bo  plaeed  iu  any  con- 
venient spot,  or  in  fact,  at  any  dlstaaoo  whatever  from  the 
music-produciug  iusCruinent. 

1379.  If  a  receiving  instrument  is  arranged  with  the  style  and 
connecting  wire  for  each  key  and  atop  of  an  iirjiau,  Sm.,  vrben 
the  key  is  prosBed  down  a  mark  is  produced,  which  rooords  ex- 
actly tho  kind  and  duration  of  every  musical  mttc  produced. 
Tho  keys  of  a  pianoforte,  and  indeed  of  moot  inntruuientii,  can 
bo  so  lilted  as  to  record  the  musical  thoughtn  or  vxperimenta  of 
tbo  composer,  or  to  exhibit  to  a  teacher,  if  rwjuirud,  tim  prugrcns 
_      and  work  of  a  pupil  while  practising.     The  record  so  produced 
■      would  rosemble  the  perforated  papers  now  used  in  automatic 
^^  musical  instruments. 

^^  13S0.  Kuieon's  McToaaAPB. — This  is  a  modification  of  Bain's 
^H  chemical  telegraph,  baaed  ou  the  discovery  thiit  Kome  liquids 
^H  loader  the  paper  ttiy^erji  when  curiout  passes  1  ns  tliin  implioit 
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len  reaistnnce  to  a  niccbiknicut  poll,  H«na1>l««  motioD  knd  aoond 
to  be  prodnocd  at «  diMlAnou  without  thv  niil  of  el«otTO-m^^ot« 
or  of  Any  mechanism  to  \>o  M!iiiuiu<t  by  tli»  ourrcitt  itsclT,  u 
Hm  motion  of  tbo  dmm  in  pn>duoe(]  Iiy  nudiAuioBl  means  at  thfl 
TOceiving  Rtation.    CaiiKtic  pottuih  giv<w  Ihu  be«t  recDltB. 

Edison'ti  loud  ti^lrphoiiQ  i*  hauuHl  umn  tliin  ^t'tao,  and  it  was 
at  ono  timo  imugimil  tliut  an  E  M  >  wak  wet  up,  aa  inoist«ii<-d 
chalk  c^lindere  gem-rnte  oiirreat  on  licing  moved:  th«  rral  '■ 
cause  WHS  the  cheiiiii^ul  ucttiin  on  tb«  liraon  axiit  of  the  cylinder ; 
tho  iKiiiits  prcfcuing  on  the  chalk  Bwrftna  were  imnwiiialoly 
"  polnrizwl '  hy  ii  film  of  gas,  which  motion  immediutely  re- 
moved, and  perinittetl  oiirrenl  to  pass. 

laSi.  ELbxriiilC  Bklls. — Thoeo  have  the  grL-at  advantnso  | 
ovor  tho  old  fiu(hioD(^  hoiiau  belU  thut  their  wiiea  oun  no 
CAiriod  auy  where,  and  require  nothing  beyond  xupiiurt :  a|;;ainBt 
this  ia  to  lie  Hut  the  muintenaDce  and  trouble  oi  the  battery. 
Electric  lK;lla  very  freipieutly  fail  to  act,  owing  tu  the  want  of 
proper  adjiistmt^nt  of  tho  means  to  tlie  desired  end.  This  in- 
voWoB  thrue  coiiBideratioiiB ;  (i)  the  nouroeof  forco,  the  btttlery  ( 
(a)  the  conducting  wires;  (j)  the  bell  itself,  and  these  aro 
inter- related  ;  they  must  be  adjusted  each  to  tbo  other,  not  each 
considered  as  an  independent  matter. 

Ij8j.  Tho  hattery  should  be  one  not  ne&ling  much  looking 
after  and  not  liable  to  speedy  exluiuslioii.  Only  Binall  currouts 
are  required  for  a  single  bcdl,  therefure  nmull  oclls  are  suitable 
to  one  or  two  bells,  but  the  size  must  Iw  propurtioned  to  the 
number  of  bells  likely  to  be  in  actiou  at  ouoe,  and  it  ia  belter 
to  use  large  oells,  whei«  needed,  rather  thftii  several  small 
cells  coupled  as  one.  One  battery  properly  adapted  will 
supply  B  largo  demand  on  it,  bat  in  some  cases  it  is  better  to 
have  two  or  mor«  independent  batteries,  so  as  to  avoid  long 
oonductiug  wires.  Tho  battery  may  be  placed  anywhere  out  of 
the  way,  where  nut  exposed  to  freezing  and  not  liable  to  liuvo 
itn  lic]uida  speedily  dried  up  ;  therefore  it  ia  best  contained  in  a 
closed  box  of  its  own:  great  care  should  be  taken  also  to  i 
prevent  the  celts  from  getting  wet  and  setting  up  local  ' 
circuits.  Manganese  colls  are  gcnerallv  used,  and  the  "dry 
oells,"  5  274,  are  Convenient  for  private  houses  ;  but  where  the 
work  is  heavy,  chromic  acid  cells,  of  the  type  ealleil  Fuller's 
are  better.  Tho  oells  described,  j  367,  will  servo  where  there 
ia  not  a  hoavy  call,  but  as  they  must  be  eijioset)  to  the  air,  thoy 
will  retjuire  occasional  attentiim  by  Bnppl>ing  frwh  water  to 
compenaate  for  evupomtion.  Whichever  luittery  is  nsod,  tho 
number  of  cells  in  series  mitst  Iw  such  iis  will,  after  tieing  short 
circuited  for  a  minnto,  freely  work  a,  bell  through  ikA  <wi<s<&\ 
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and  it  in  wisn  to  nee  h  ceII  more  ttiAii  in  riyjiiirod,  rather  than 
riek  fnilure. 

ci8j.  Tha  e.ondwlort  mny  genenilly  be  No.  lo  wire,  but 
larger  is  preferable.  It  in  neoeBeury  fnr  one  of  the  wires  to  be 
]ii'rlcct,ly  infltilRled  ;  it  is  liot.tor  for  thtim  bntli  to  be  ai,  in  oiiae 
of  acciilt'iil. ;  but  if  one  is  perfeet  iu  tliis  rea|iei;t,  the  otbor  may 
bu  u  nak<Ml  wire,  led  aiiywheru  uiid  bUijiIqiI  to  the  wiiU.  But 
where  it  in  intended  to  uise  lelejihunuH.  wlucb  will  cortniuly 
(Xiinu  into  general  uhu  by  iiiid  by,  it  ia  iinjiortant  to  have  tho 
two  wir(!8  Hide  by  nide  tu  uvoid  ioduoiion,  and  l>otb  insnlatod. 
A  convenient  wire  fur  tliiMe  purpiiius  is  made  witli  a.  No.  30 
covered  wire,  and  a  No.  id  bare  wire  )>lao^  Hide  by  aide,  and 
covered  with  oottou  aa  one ;  this,  beiug  panvM]  through  melted 
ozokerit  aspbalte,  ia  very  fairly  proluot^d  against  damp,  and 
may  b«  aeciirtd  to  tlie  iiUfltt'red  walls  by  etanlve.  A  better 
plau  in  to  lol  into  the  piaster  the  ziiic  tube*  iiuud  for  bell  wiree 
and  draw  tlie  couduclora  tbrongb  this,  and  prubably  the  most 
perfect  plan,  where  oonvouient,  ia  to  carry  such  tubou  straight 
np  the  walls  into  the  roof,  from  each  set  of  rooms,  so  that  any 
desireil  connection  can  bo  made,  at  any  time,  by  laclcing  wires 
along  tho  rafters  tViuu  tulw  to  tube.  Id  this  way  a  complete 
(tyatem  of  bell  and  tob-pbone  oommiinicatiun  oould  easily  bo 
arranged,  and  if  desireil,  olocks,  in  the  diflbrent  rooms,  conld 
all  be  worked  from  one  driving  clock  in  the  ball  nr  elsewhere. 

1284.  Double  wire  ia  not  always  desirable  fur  such  a  eironit, 
intended  to  include  several  instruments,  aa  iba  wire  may  leavo 
one  pole  of  the  batrery  and  travel  MUgly  all  through  the  drcuit, 
returning  to  the  oiher  pole.  In  fac-t  the  circuit  muit  bo 
arranged  to  suit  its  purpose :  and  in  such  a  houre  ayHtem  as 
referred  lo.  it  would  be  nuwise  to  attempt  to  mdu  one  circuit 
serve  too  many  purposes :  it  would  probably  be  bei  ter  lo  provida 
a  common  "return"  circuit  of  a  stout  wire,  connected  to  thft 
negative  pole  of  all  the  battei-ies.  if  more  than  one  were  uaed, 
and  then  carry  insulated  wives,  as  ri^quired,  to  constitute  the 
independent  circuils.  Those  who  have  studied  the  pnuciples 
eipuiined  in  other  parts  of  this  book,  will  have  no  difficulty  in 
doing  ibis  properly. 

liSj.  An  example  or  two  may,  however.  asMBt  aome,  and  the 
connections  of  an  annunciator  system  will  servo  the  purpose. 
Lot  Us  suppose  that  from  ovory  room  in  a  honso  it  ia  desired  to 
CommnnicAto  with  the  kitchen.  A  Mngle  "  return,"  or  as  it  ia 
commonly  oillixl  "  earth,'*  wire  should  lie  connected  to  the  tine 
uf  the  batterj',  and  then  either  traverse  all  tho  rooms,  or  paaa 
from  floor  to  flo<>r  with  branches  firom  it  into  each  room:  a 
wire  should  connect  the  -^  pole  of  batter^'  to  one  torminaJ  of 
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Ibe   Iwl)  in    tli«  Vitcbcn;   tltv  other   tviwituil  would  tlxtti   bo 

ouuneotud  to  Uic  uuuuuotaior  or  iitdioator  bjbUih  bv  »  wira 

vfaivh  wuuM   tli«re  be  s)L-|wi&ted  into  as   manT  iDae)teitdeiit 

_-irirei>  aa  there  are  aiKval'iuuKiieta,  one  terminal  ofeafih  of  thvae 

piwinf;  fM-nnauetitly  <oiin«cteii  iu  tliis  tnauticr  to  the  IwU :  iiovr 

*«a  iudepeiulBut  wire  from  the  other  end  of  tbe  [iroper  signal- 

msKnet  to  its  own  proper  room  will  ootnplet*  the  system. 

The  magnet  actuated  from  any  room,  releaac*  an  arm  and 
allows  a  duk  to  drop  which  uncovers  the  name  or  number  of 
the  room  and  leavett  it  bo  notil  the  attendant  hae  seen  it  and  by 
pnlliii);  a  string  roTumcd  it  to  its  placi?,  when  it  is  held  up  bv 
■  catch  atlacbi-d  to  the  armature. 

13S6.  The  bell  ititclf  is  subject  to  0110  nrinoinlo  of  oonstruc- 
tion  ;  it  roqufrcs  a  speoifio  aaoant  of  mochanical  energy,  which 
will  depend  on  the  volome  of  Bound  dcRiM^d.and  on  thuElrongih 
of  ths  ^ring  and  the  magnet  which  strikps  the  blow.  The 
•Iwtro-inagDet  require  to  bo  so  proportinnod  as  to  supply  tliix 
Hanwy,  j  98}.  Now  this  involves  thi;  adinKtmciot  of  its  win  to 
tho  SttOTy  :  tho  energy  m»y  bo  obt*iiicd  by  a  utout  wins  with 
few  lurnfi,  uctod  on  by  11  buttery  giving  u  nuHloient  oiirront  with 
1  ft  low  t:  M  F,  tiiat  i»  fnim  oti«  ouTl,  or  it  muy  bo  derived  from  a 
I  fine  wiru  of  mnny  tiirnK,  r«cviviiig  a  small  current  from  & 
I  b«ttery  capubto  of  forcing  it  tlirough  tho  oirouiL  People  who 
I  do  not  uuck-ntaud  the  iirtnotplMi  u|)pear  to  ex))ovt  that  anj 
^_  battery  in  to  work  any  l>oll,  and  if  it  doea  nut,  they  ooraphun 
^Bof  iiiincrfovtiou  and  fuiluro ;  but  the  failure  is  in  thetr  not 
^^  properly  adjntilinK  the  mestiiB  to  tho  i*nd.  See  9S  990—996, 
r  1 381.  Eleclrio  bolls  are  niadu  on  two  tiriocipli-a.  sin</U  tlrok^ 

I  and  mhrating,  ami  they  ore  mtule  and  sold  so  chcAply  that  they 
witl  hardly  pay  any  onu  to  make  for  themselves.  The  nimpteat 
constmotiou.  tor  a  bell  to  hat:g  agaiiist  a  wall,  consists  of  a 
pieC4  of  wood  with  a  pillar  and  hcreu'  to  cany  the  Iwll :  boyond 
this  the  hurs^iibo«  iinignet  may  be  attached,  by  mcnns  of  a 
block  of  wood  glued  on  the  base,  so  as  to  go  Iwtn'een  the  nrnin, 
■ad  a  thin  piece  of  wood  crussiiig  the  magnet  and  tightened 
down  upon  it  by  a  woud-ecrew.  A  mi-t-il  stout  jtiat  beyond  thu 
magnet  carries  a  spring  to  which  the  nrrimtiire  is  attaohed, 
1^^  adjusted  so  as  to  play  over  the  lequired  B[>ace  to  give  the 
^Hitroko.  The  hammer  is  curried  on  a  strip  of  eliistio  nit-tul 
^Hattached  to  the  armature,  and  so  adjnatcd  tlint  when  at  rest 
^Hsgainat  the  magnet  the  hammer  is  just  cile«r  of  the  bell:  tho 
^Haotnal  blow  ia  given  sharply,  by  tb«  momentum  given  to  the 
^Bkammer  overcoming  the  spring  of  its  support.  The  distinction 
^Hbotween  the  two  kinds  of  bell  oommenoesnere. 
^1     (i)  .^  tingle  tlroke  beli  acta  by  the  oonaections  to  the  two 
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circoit  «rirm  Wing  made  dinet  to  Uie  two  Mida  of  Uw  fl]actr»> 
iMigiict  wire.  The  atrtilu!  k  made  aa  oflea  m  neqwirad  ty  tb* 
pMMB  Ktnating  Ui«  belL 

(3)  j1  tibroHng  htU  luu  a  break  nmilar  to  tliat  of  an  iodaiv 
tion  coU,  !  I  >)3.  The  i-ircait  ia  mada  from  ime  win  to  odo  vod 
of  tb«  magiM^wire,  tlie  other  end  of  wbioh  is  attachod  to  tba 
pillar  wbuh  carrica  the  armature.  The  ulhcr  circuit  wire  i| 
ooanaeted  to  another  pillar  carrring  a  spring,  tlte  end  of  wfaj^H 
Qarriaa  a  platianu  poiot  facinf;  a  pi««e  of  platinnm  on  fl^H 
armalnre.  the  diatanoM  being  ao  adjasted  a*  to  prodooe  Hit 
dcvircd  rate  of  Titn»tian  and  l«ogUi  of  atxoke :  tba  object  of  tb« 
aprio^  M  to  maintain  tbo  contact  toof;  taau^  to  awnre  tfao  taU 
maf^M^tUm  being  attained,  Theae  bdla  oontiDiio  strilriitg  m 
lung  aa  the  eircidt  it  dcMd  at  the  other  (od. 

1386.  Pmjm  are  0ODt»ct  makf<rs,  which  may  be  of  any  con- 
TMiieitt  oooatraotioD.    The  omameotal  ones  made  for  aale  oonsitt 
of*  pieoa  of  hard  aheet  metal  whidi  is  est  into  a  ^iial  witli  a 
plate  in  the  middle,  which,  when  prcaaed  down,  toocbea  a  plate 
to  which  one  wire  ia  attached,  while  the  other  is  attached  to  th^ 
•pinl  itaelf :  a  looee  ping  re«t«  on  the  ooter  side  of  tbs  pU^H 
and  paaaM  Ihrongh  a  hole  in  the  cap  which  acreirs  down  on  <a^ 
bate,  after  it  ia  fixed  in  ibi  pUc»  by  screws  patBung  through  it, 
aad  holds  all  in  position. 

1389.  7W  MKCs  0/ Mcidi  insnlated  ftrnn  each  otber,  may  act  by 
being  prM«ea  t<^tb«r  at  their  ends,  and  this  is  the  beat  sslj^* 
wiing  eircHJI  tiottr  that  can  be  fitted  to  doora  and  windows  tO 
rin^  when  they  aro  opened  or  sfant  as  denred.  aooordlng  to  tlM 
pontioD  in  whio)i  they  are  placed,  being  let  into  t&e  wood  with 
the  ODD  p1at«  prnj^tmg  snEBcieot  for  the  p«irpoae:  thna.  at  a 
door,  if  to  ring  when  Mhnt,  they  should  bs  let  into  the  slop 
■cainst  which  it  Glr«e«,  or  behind  the  bade  of  the  doOT ;  if  to 
nngwhen  opened,  they  jihonld  be  over  it  and  stending  oat,  with 
tbe  outer  end  prolong  and  tnraod  back  so  as  to  reoetve  dM> 
door  again  a«  it  clooos. 

Theea  make  tbe  beat  ottmrglaT  alanu  if  fitted  in  the  floor,  in 
likely  plaoea,  under  the  carpet,  the  oircait  of  the  whole  being 
eloced  ny  one  connection  wli«n  fanteoing  op  for  the  night. 

1290.  To  protect  a  iciole  iotw,  maiA  a  pair  tthoiild  be  fitted  to 
every  deaired  point,  with  a  Intt^^ry  and  hell  in  the  spot  where  the 

k alarm  ■»  desired,  and  a  switch  to  turn  it  off  when  not  required. 
The  rciiistanoe  shoald  be  large  and  tho  alarm  made  aoooriUn>;K', 
because  a  constant  onrreut  will  bo  pataing;  tho  alarm  shuuld 
not  ring  tbe  bell  itself  but  act  as  a  rdaj;  that  is,  its  armature 
should  DO  bold  to  tbe  magnet,  and  when  not  so  held  wiU  cloea  a 
ircnit  &om  tlic  battery  to  the  bdl  by  springing  back  against  a 
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•top.  Now  wlicn  tho  pUc«  in  nhiit  np,  tho  uWnrer  will  turn 
hu  Hwitch  on,  an<l  if  mU  ih  right,  thu  u-mnturo  will  be  at  oDoe 
dniwn  up  to  th«  nutgntit,  and  then  th«  boll  cun  bo  tnrnod  on, 
nnlcm  tho  Hwitoh  im  miul"  tti  olonu  tii»  twi>  niroiiits  at  uno  Action. 
IF  by  knj  nogligVDoe  any  pWw  is  ]«ft  unfaKtonod,  Iho  t>cll  will 
ring  anil  ^to  wnraing,  aim  will  do  m  at  any  timo  dhould  a  <loor 
cir  window  lie  o]KTned.  Of  oourae  by  tlio  in<ir»  ooniplux  jiytrtom 
(if  S  1383  tli»  ajipuntuM  would  at  ohm  ioilioatu  «t  wiiat  point  to 
Iodic  fur  the  ilet'6Ct,  or  a  locnl  nlarin  wiiiild  alio  act. 

1291.  Swilckfa  am  iuntruments  fcr  directing  ciirront  lo  one  of 
aerenti  inatriinienta.  Fi>r  ex]H>rimeuUil  purpoiwa,  notliin^  is 
better  than  a  piooe  of  wood  wkh  aholo  iii  uie  middle,  and  a  ring 
of  cqaidiataut  hok-a  to  ooutain  me<roury :  a  beiit  wire  comiMita 
tho  rix|iiiretl  hule  to  ihe  circuit,  and  winitt  from  oaob  inatrumeut 
may  dip  iu  the  w^parate  cnpa :  euch  a  awitcb  is  iibowu  Fi^-  41. 
f  361.  A  more  olabomto  inBtrumeut  may  bo  made  of  a  block 
of  wood,  with  a  pair  of  binding-scruwe  for  eaoh  inatrumeut,  and 
a  |Mir  for  the  batiory ;  one  of  the#e  last  ik  counected  to  one  of 
eaich  of  the  other  pairs  ;  tho  other  batterv  screw  is  oonnectod  to 
thf  mntml  point ;  tbia  may  bo  a  pillnr  with  a  Rpring  truvoning 
a  Mri««  of  blocks  connoctoil  onoli  to  its  proper  scntw,  or  it  may 
Iw  a  btook  of  braiui  Knrroundod  with  a  nng  of  Kegmenta  as 
(loMribed  I  4)7,  Fig.  a;.  An  efficient  rough  tnHtmrnont  cnn  be 
nukd«  with  round -li<i«uf<fil  bnuw  »«ir«wB,  the  central  point  being  « 
•imilar  Hcrew  ptuiiaiug  through  two  brass  washers  with  Uie 
spring  botweoD  lliom  ;  tho  leading  wires  can  be  soldered  to  the 
BorowH  on  tlio  unili*r  sidn,  or  to  plates  of  copper  either  below  or 
on  the  faoo,  Ut  which  thi>  screws  niaku  oontuot. 

1291.  (krmjioaud  SmtchetL — Whore  it  la  required  to  be  able  to 
oonnect  any  one  of  several  circuits  to  any  ouo  of  several  othera 
(as  in  telMhonio  exehuiges),  a  flexible  conductor  with  a  ping 
ateacbenaottD  be  used;  for  a  moderato  number,  the  aimplost 
|klAD  is  to  an'ange  a  set  of  metal  strips  on  a  board,  with  a  seoond 
set  orossiug  them,  but  not  iu  contaut ;  holes  are  bored  at  each 
onMBng  so  that  a  split  plug  can  be  passed  through  and  make 
oooneotion. 

Now-a-days  switohes  of  all  kinds  are  articles  of  oommeroe, 
almost  to  be  obtained  at  an  ironmongers,  but  the  above  descnp- 
tions  will  be  of  use  to  those  who  nish  to  make  their  own  appu> 
anoee. 

IJ9J.  Tklepuost. —  Until  recent  times  it  was  believed  that 
the  prodnction  of  artioulato  speech  required  a  complex  organism  ; 
yet  erery  ootio  tanght  the  cwntrary.  However,  until  speech 
actually  issued  from  the  diaphragm  of  the  telephone,  pooplo 
overlooked  tho  foot,  that  ovcry  nuund,  iu  crossing   space,  is 
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nsolTcd  into  nbrntwM  o/  l&e  atr.  uxl  that  Um  prodoelioo  of 
Bound,  miHiwal  or  krticaUtfi,  unly  nqniRs  an  initul  motion 
which  can  strt  up  thoM  vibrmtiotiA.  An  edio  is  das  to  n  utrboo 
wtiich  mccivM  ud  rcAecto  or  reprudDce*  vibnttiona  in  tlis  air. 
If  wc  hold  ft  Hhect  of  atUT  paper  in  tli«  hand  m  fea)  it 
trombling  in  anNwer  to  any  aoond,  and  thoaa  tntnUtnei, 
if  unnlyitnl,  rvpreaent  tbo  aovnd,  and  if  properly  applied  will 
roprudui-o  it. 

A  tilraiDcd  diapluiffu  Huh  as  a  tatulioarino,  answeta  ewD 
moru  purfeotly  than  uie  ah«e(  of  paper,  and  prorm  that  artica- 
latv  apeeoli  can  be  produced  by  a  lueobanioal  ribratioD.  It  eae 
«ven  translate  tbo  vibration  into  a  visible  record,  wLieh  wh 
done  by  YunDg  in  lEk>7. 

1 194.  Sootl's  Phoiutmtogn^  ia  the  beet  known  iDstnuuent  for 
the  porpoae;  it  is  a  large  cone  to  ooUeot  tbe  eotind.  with  a 
diapbiaem  acroMt  it«  btiaa ;  to  tho  middle  of  this  diaphragm  it 
attaohed  a  point  which  rc*t«  lightly  against  a  cylinder  ooTer«(l 
with  a  layer  of  smokv,  which  b^ng  tnnied,  records  tbe  sound  ii 
a  series  of  undulating  marlci ;  each  eotwd  having  its  ovb 
tpeoiflo  form. 

l29J.Thi>«Inn^(c/<pft(m«carTi<nth«prin<iiplaonoKta;!;efuTtlier- 
Thongh  Introdaoed  «b  a  oommoa  to^  siuee  the  dinooTt-ry  of  tlie 
electric  telephone,  it  lon^  antedates  It  in  jawrticiil  n«o;  nnlcnowv 
to  scienoo,  it  had  been  invented  ages  ago  by  tlto  duDese,  im 
used  by  tho  natives  of  Ooyloo,  and  hms  evou  bvcn  euployod 
by  tlnglish  Boh'wiboys  for  purposes  of  suiTepUtioua  ioteroaia- 
niunicetion.  It  oonsislx  ttimply  of  a  amall  lambourioo  counticted 
t^  astrainod  string  to  anothor  tambonrinoi,  each  fitted  with  tho 
ooue  of  tbe  phouaiitograph :  it  is,  in  fact,  a  phouanbigraph  which, 
iiiHtead  of  moving  a  pi>int  und  ti-aciug  a  liuc\  muxx-«  a  slriug, 
BiiJ  through  it  a  soconil  revcrsod  phonautogtaph,  which  twpie- 
duoea  tho  uriginal  sonnd*. 

1296.  Edhon'a  Phonograph  carries  us  another  stago ;  it  is  thei 
phoiiautottnph  ftgAiD,  bitt  tho  smoked  cylinder  is  mplaced  by  sj 
groove  covered  wilh  tin  foil  which  records  tbe  inutiou  of  the 
style  of  tho  vibrating  dinphrngm,  in  waves,  not  unly  in 
one  direction,  as  a  tHunous  lino,  but  in  all  directions,  as 
a  waving  groove,  l.ikc  tho  string  t«lophone  it  seta  a  secoo'l 
diaphnigiii  iu  motion  (or  it«  own)  by  tbe  point  actuated  by  this 
groovii ;  tHUisuiiuuritly  it  i»  aUo  to  effect  this  ruptuductioii,  not 
at  tJiu  Diuinuul,  but  at  any  time  and  >ie  ol^en  as  is  reqairod,  pro- 
vidtx)  Diuutis  are  employed  to  tranai'uim  the  soft  tin  foil  iaU)  s 
more  vuduriiig  substance. 

lu  the  imjimvcd  instrument  a  cylinder  of  a  wax  oompo«iti< 
jvplaoos  the  tin  foil,  and  instead  of  the  hcAvy  diaphragnui 
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first  ummI,  then)  ore  very  small  <m(a,aiid  the  Iiuilrument  i« 
gonomlly  fittM  with  two  oar  tubea. 

1197.  Thk  Tei.ephomk. — Th\M  iiistrumuut  haa  come  into  pno- 
ttcftl  u»o  aliiKMt  from  tJw  day  of  im  firat  rual  mtriKliiL'lioii,  ani] 
onliko  most  inventioDS  waa  perfe«t«d  at  unoo:  but  LhtM  only 
applioa  to  the  actual  ioatTDiucut— to  Boll'd  ti'luphouo,  whioh  not- 
witJuUtiiltiiK  Dumeroos  claimanta  tA  imptuvemont.  romaius  the 
beat  fur  ^neral  uao.  It  U  not  iul«uded  huT«  to  cuter  into  an 
examinatiou  of  the  rariona  clainta  to  the  oiiKioatioQ  of  the  telu- 
phone  t>eyond  the  remark  that  it  is  pretty  clear  that  Reiss  fully 
oonoeivco  tlie  idea,  and  made  a  working  apitaratua  which,  if 
not  parfect.  only  required  a  little  use  to  make  it  bo  ;  but  his 
idea  remained  fniitlcas,  though  it  may  probably  haro  been  the 
germ  from  which  thp  lator  sucoeaefnl  inatmment  was  ilorivod. 
Then  are  many  praplo  who,  doiue  little  themselvea  for  the 
world,  appear  to  find  a  pldosure  in  fancying  thoy  diininixh  the 
sredit  of^a  8UCc<Wiil  worker,  by  pointing  ont  that  some  one  had 
anticipated  him,  and  the  Tagiiotit  intimation  of  tho  powibility 
of  Eomothing  being  dono,  Ih  quito  cnuuKh  for  thoMo  pooplo.  On 
the  othvr  ham),  aii  idea  ouce  piibliaLea  and  heoome  iw  il  weru 
pnblio  pn>|iurt,v,  1>dcuiu«h  a  »e«d  wUoh  germinates  in  another 
mind,  and  that  nund  perfects  it,  poasibly  without  an  idoa  aa  to 
whenoe  thu  ft-rtilo  (inggtHlton  was  denrod,  and  without  ttun 
origin  in  the  least  dimiuiBhing  the  merit  of  the  purson  who  has 
oltmuitely  brought  the  idea  to  completion. 

1198.  The  tcdephoue  in  claimed  an  a  French  invention  (moat 
things  are),  made  bv  M.  Charles  Buursoul  in  1854.  It  »ppc«ni 
that  he  stated  that  as  elootro-magueta  could  bs  made,  and  as 
BOQnds  are  virtually  air  vibrations,  a  flexible  metallic  plato 
could  reprodaoe  tho  rihralions.  and  if  the  plato  "could  be  oon- 
neoled  with  an  oloctno  otirront  in  such  a  manner  ns  to  alter- 
Dktoly  intemipt  and  eloeo  a  circuir,  it  would  bo  po^eibte  to 
electncftlly  nffoct  n  siTnitnr  niotiil  plato  so  as  to  repeat  the 
vibrations  of  the  finit  plnte." 

Kvidi-nllr  M.  Bourseul  saw  tliut  Rnmnthing  might  be  dono,  but 
as  evidently  ho  did  nut  sc^e  hote  to  do  it,  and  thnt  in  what 
invention  niLNUiH.  Thosu  whu  ultimately  did  it  fniiiid  that  this 
notion  of  iuturruptiuii  of  tl)o  circuit  is  just  whut  will  not  do 
what  is  neoussarj-. 

1 29a.  It  is  right  to  reoogniKe  the  fact  that  ReiM  really  brought 
tho  tofephoDe  near  iierfection,  and  Pnif.  Sil-  Tboni[ift>n  has  done 
goutl  work  in  demonstrating  the  foot ;  nor  is  it  unlikely  that 
the  work  of  Beise  directly  or  indireL-tty  influenoed  the  mind  of 
many  OL^iplc,  aud  among  them  that  of  Itull  while  working  out 
the  subject.     But  we  must  reoognizc  that  Boll  did  work  it  out, 
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atiJ  iM  its  Icf^timato  inventor.  Kqiudl;  certain  b  it  that  tlie 
outu|.<Ii!tiun  of  tho  practical  eyet«m  of  telepbooy  is  dun  to  Prat 
Hughes,  whose  microphoDe,  nv«^  gieen  to  the  worid.  Is  tho  l«» 
u>'  tho  DumerouH  patonta  and  so  callril  iDvoQtJOBs  for  tli«  tm» 
mitling  part  of  the  eyetem. 

I  }00.  Graifa  Uarmonic.  Telegraph,  aod  other  similar  isTentiOBl^ 
wer«  a  natural  starting-point;  they  tmnsiniltod  musical  notoi^ 
and  many  imprirtAnt  nnnt  conlij  bo  maito  of  them  whidi 
8|iQco  will  not  allow  uh  to  rntvr  upon  ;  but  mnsical  notm  and 
nrticulnto  spcoch  havo  u  fuiidunivntal  disUnctioo.  Hucical 
iii>t«K,  i  1167,  may  tie  ]iri>duofd  by  an  «v«ii  aneooMion  of  inde- 
pondont  iiiifmlHoa,  an  in  the  tiren;  in  fact  a  card  drawn  along  the 
iMtli  of  a  liiio  Hiw  will  ]>ru<lucu  a  note  varj'ing  with  Iha  rat«  al 
which  it  indrawn  :  thurvroro  an  elootncmagnot  nrmatDrs  would  a 
rnpiYiiUico  Kni^h  nut«tt  at  a  diatanoft.  But  the  prodaction  ofl 
Mpoouh  re(ii)irtM  a  ourri-iit  not  brukeu,  hut  raryinff  in  quaniity, 
or  what  Ik  iiallod  an  undulatury  uurreut:  lo  pruanco  lUia,  tb« 
dronit  mutit  u<il  be  broktin  altogether,  but  one  of  two  yatiatioDa 
may  Im  t^mjiloyL-d. 

Tho  acting  eledromolm  force  may  be  varied. 
Tho  rennliinee  of  the  circuit  may  l>o  varied. 
a  tintt  iM  tho   priuclj.te  of  the  Bell  telephone  n»ed  as  a 
tranaiuitter  ;  tho  nuoand  is  the  piinoiple  of  the  microphone  and 
ita  derivativex. 

ijoi.  The  fuitdamental  facti  underlying  the  teluphono  are 
thiiiM)  studied  §S  53;  and  1 141. 

([)  When  a  piece  of  iron  is  moved  in  a  magnetic  field,  it 
disturha  tho  molecular  magnetic  balance  of  the  raagnot  on  which 
that  fiL-ld  depends :  in  other  words,  the  approach  of  a  piece  of 
iron  tu  a  permanent  magnet  cauww  a  change  in  the  internal 
mtjlecular  cotiEitilulion  of  the  mngnot  itself,  §  lOi  i. 

(3)  When  this  magnetic  biilunce  in  disturbed,  an  E  Af  P  ts  art 
up  in  a  wire  ooil  surrounding  tho  mognot,  which  will  prodaoe  a 
mirrent, }  too8. 
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(3)  When  a  current  im  nTo<lucvd  in  such  a  ooit  byan  e;(t<imal 
E  M  F  it  ttUbcts  the  muleculnr  cunMtitntion  of  the  ountainoJ 
magnet,  and  alto  muililic«  tho  whole  field. 

1 101.  The  Jirtt  and  typieitl  telephone  syitten)  consiated  of  tuQ 
Encn  similar  maenot*  whgmi  armature  was  a  flexible  iron  diao 
the  iiiipnlses  of  tlio  sound  wnvt«  in»ve  tlie  recoiTini;  diao ;  tb 
motion  varie«  the  mn^ctiKm,  net*  up  a  nHing  and  falling  E  M  Y, 
and  sends  an  nnduUtiug  currutit  to  the  second  or  «peakiug  tclo- 
phoue.  Horn  tho  same  plienomeua  ore  produced  in  a  reTene 
^^         onler.   and  motions  aut  op  in  the  diou  which    reproduoo  tb* 
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"vavTgy"  pBrMing  through  a  cycle  of  ob&ngM  u  in  S  877.  And 
tbo  motiotu  which  give  tho  sotiDd  are  comples.S  II 13. 

130).  Th«  aumtU  of  ikf  Ulfphfme  are  oxc««dingljr  mnall 
becauso  thay  are  rolstoti  to  the  energy  oxpouded  apoo  th«  din 
in  vibratioD,  §  C43,  and  this  distributed  ovor  a  oinmil  of  con- 
>Hl«rmbl«  ra«istatic« :  an  ordinary  galvanomoter  will  ii<it  aliow 
tlieni  beoMUO  thay  aro  of  neoMaity  alternating  frum  iDntunt  to 
in«tant:  but  tliuir  cxiirtonoo  mity  bo  prov«d  upon  •  neunitive 
galraDODittor  by  liglitlv  prctwing  the  dine,  wlicn  a  i:iitn!Ut  tn 
004  direction  will  lib  Htinwn,  rcvereod  whoQ  the  pri'Mure  ia 
removed.  Mr.  rrui«<r  tvitimnt^w  lliat  a  ourrvnt  of  ainpt're  iO~" 
(a  niilliou  inillioiitti)  in  iibln  U)  pnntiice  au  nuHililu  auuud.  One 
cohmmjiivucu  uf  lli<!  cxcnKling  «ni:illncMi  of  the  uutiu];  EM  P  in 
dtatOTcu  )iu|>i.-rrvcL  inniilation  will  nut  dMUxiy  tbe  actii^n,  for 
l«]«pkuues  liiive  twcu  WDilcud  by  naked  wires  lyin^  ^^  t^° 
ground.  Tde  two  liuou  uf  a  niilninil  have  even  been  nsed  aa  tbo 
circait  for  a  dietauoe  of  auvcTal  tniluii. 

I  jOd.  BatUry  CarrentM  ivcrt-  at  firwt  employed  by  Prof.  Boll,  as 
by  all  nU  predeceasorB,  to  actuate  electri>- magnets  forming  part 
of  the  circuit,  while  a  "  ptilnriswd  armatum,  L  o.  a  jHirmauoDt 
majftiQt  uttnclied  to  tbo  vibrutiuz  diapbragin,  by  ita  motiona 
varied  the  mitgiiotie  lutenaity  of  tlio  vledtni-inugitet,  and  by  its 
nxuititni  altcnid  the  tute  of  eurrout  iiiusing,  which  therefore 
bcouiuo  an  nndiilating  but  nninUimiptoil  current. 

1)05.  Tliu  ni.'xt  Ntep,  a  dimple  and  natural  one  when  it  waa 
fonnd  how  tnnittl  n  current  wuuld  mffioe,  wna  to  cut  out  the 
battery  and  iiiturcliange  tliu  o»ra  and  armature,  nalng  a  per* 
maueut  tuaguct  core,  wboae  magnetic  intensity  waa  vaHoil  by 
the  motjon  of  the  soft  irun  armature,  wbich,  being  n  diao  of 
much  grrattcr  diameter,  collocta  ibo  line*  of  force  fmm  the  other 

Eolp  «f  Iho  bar.  Thia  idea  appciirB  to  have  oocumid  to  Prof, 
tolbvar  hIkiuI  the  aanic  time  ok  to  \'n>i.  Uell.  lint  on  it  matter 
of  principle  tbe  difTaranoe  is  alight ;  it  is  merely  u  matter  of 
oonvoniencc  and  eipenditnro, and  the  introduction  uf  i\w  uiioru- 
phone  which  requiroa  an  extvmul  current,  Iihk  made  the  use  of 
electro  or  permanoDt  magnet*  n  mattcrofindifTLTdnev,  except  aa 
to  the  relative  importanoo  of  cost  and  the  ^ruiitt:r  jiuwer  of  the 
eloctra-magnet.  The  regular  current  }>aMing  pluya  no  part  in 
tranHmission,  it  aimplv  maAnotixcB  tho  core ;  it  la  tbo  variati</n 
of  tbc  cnrrent  which  noe«  theretiuired  work,  ntid  the  undulating 
onrrent  derived  from  tho  permanent  mngnut  in  the  equivalent  of 
that  variution.  The  magnet  i"  fiwinontly  fitted  with  a  soft 
ilfQ  end  upon  which  tnu  current  nvta,  Iwcause  it  is  more 
mnsiiive  to  changes,  ns  in  fuze  explodem,  fee,  %  ion,  while  tho 
win  ia  cunceutraUxl  at  the  end  for  the  rcnsuiui  given,  i  981. 
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i)o6.  CoKsnvcnov. — This  will  b*  nodontood  by  aid  of  Fi^- 
tofl ;  tbe  ra^oet  11  k  &  rod  of  good  stool  tii^Iy  nwgntrtnod,  it 
may  be  4^  tnebe*  lone  by  j  iscli  dJMneter,  and  is  ■bown  m 
fitted  with  soft  iron  poTc-piocc.  It  fit<  in  tbo  ccntnl  tiibo  of  t&e 
wooden  cssiug  W,  and  is  providod  with  a  tcnw  8  to  ftdjiHt  ita 
distance  from  th<!<  diAphnem  D-  On  tfa«  end  of  tb«  bur  ia 
placed  tlie  r«ol  C,  whicb  may  be  1 }  incb  in  diaaMstcr  witb  a  nttce 
of  )  inch,  to  contain  the  wire,  tho  nw  of  whtcli  ulioQld  he 
adapt«d  to  the  nwLslanoo  of  tho  circuit,  35  gnn^  belug  the  moct 
gaDeraJly  neofnl :  the  cndx  of  the  wiTvaru  earned  down  tLroi>{;h 
boltm  in  tbe  wood  to  the  terminal  ttorawa  +  and  — , 

I J07.  Tbo  diaphragm  or  due  U  usually 
made  of  fcrrotypo  plate  out  to  a  )-iiMU 
virclu,  with  great  oare  not  to  bocUe  or 
diKtort  it  iu  any  way,  $  ijoo;  it  Bhovtd 
In*  bold  by  a  narrow  drcle  of  india- 
rubber  or  soft  jiaper  al>ove  and  below 
it,  bo  deaden  tbo  natural  vibratioii  of 
the  plate  an  a  whole,  '«a  this  oaines 
moat  of  the  di'fccta  of  tbe  telepbonio 
mmuds.  and  their  epecial  "twang'; 
tilt!  fundamental  note  of  tbo  diaphragm 
itjit'lf  keeping  op  a  oonstaot  aooompani- 
lufiit  to  the  induced  Tibrationa. 

The  MMlA-nrae  is  a  oap  witli  a 
ical  Bpaoe  ending  in  an  opening  of 
an  inch,  ao  as  to  oollect  th«  sonod  waves 
and  deliver  them  direct  upoD  the  oe&tn 
of  the  disa 
ijoS.  The  afKKB  bthneen  the  due  and  the  opposing  surfaces 
•hould  bo  no  greater  than  just  sufficient  for  the  pUy  of  tho 
diiipbngm  ;  this  obviat««  the  distHrbanco  by  rMunance  in  tlin 
upjinr  npoou  and  fuiTilitatn  induction  botwccu  tbo  disc  and  ths 
wire,  n^ioli  appcani  to  play  nn  important  part  in  tho  action, 
S  Ijt?-  V"r  lliia  nia«on  tjio  slightly  ronRdoiI  rnd  of  tho  bar 
nhotild  uuly  jnat  iiroject  bt^yond  tho  bobbin  and  should  bo  brought 
an  near  to  ibe  aiac  an  is  sufliciont  to  avoid  any  contact:  uus 
adjustment  is  best  eflcotod  while  a  note  ia  soondcd  in  tlio  instm- 
ineni  from  an  aotomaiic  brcalc,  so  as  to  perooivo  tbe  exact  point 
at  which  the  best  result  is  obtained. 

1 300.  The  Qweer  Ulephont  used  1^  the  poet  office  consists  of 
a  steel  hofBO-BhoL- magoel  placed  panlKd  with  tbe  ilia phragm, 
with  two  soft  iron  pok^iMccca  projocting  ftoiii  its  polar  ham 
ciBch  fitted  with  ccala :  (he  effect  in  that  tint  ir»ii  diaphngtu  takes 
up  tbe  whole  of  th«  fieU,  wVidt  iu  tUu  B«U  furu,  as  iu  Fig.  1 1 
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nuliaU'B  over  llie  dUpbngm  ftDd  Utroutfb  lbs  ur  to  tho  disUnt 
end.  It  wotild  appear  tb«t  tliia  abouid  M  ut  «d<ruit«ge.  and  ii 
ifl  fonnd  pnotiotUy  tbat  tbU  is  k  highly  efficient  instrmnont. 

t  Jio.  Uth«ra  hare  siniad  at  a  mnuUr  rvsult  by  eDcloaing  the 
instmiDBDt  in  a  cjUudt<r  of  icon,  or  with  iron  wires,  clofliog  iho 
inagDOtic  circuit  from  the  distant  poto  to  tho  drcnmforenoe  of 
th*  diapbragn. 

Some  inventora  hnTo  attached  the  aoft  iroD  polo-pieces  or 
ooroatothodtaphragm,  so  tluitthoyact  onlheplnngor  principle, 
9  ITt :  magDotism  i*  "  iottiiced  "  id  these  cores  hy  a  magnet  near 
to,  bat  not  in  contact  with  them. 

t  jii.  The  dinphraem  >•  mado  of  thin  iron  sheet,  the  ferro- 
type photographic  pUtc*  bein^  generally  uaod.  Its  thick noss 
and  diameter  hold  n  itnltnito  r<>lnti»n  to  the  dimuniiionH  nf  the 
inatrtiment,  and  it  in  protuiblo  thiit  imprnvtimenlii  niny  \>v  lookeii 
tor  in  this  direction.  Snmll  ilini'hrn^mHaiiBWoriui  well  lui  large 
onmif  the  true  proper!  iniiKFtn>ohtuin(i<l,  lx,-cniiin\iui  witli  uurrenl, 
S  I  lo3,  luiworfiil  mikgni^tifl  HvkU  nvenut  Uftyvjtmry,  butMuiiaitivo- 
Dcm  U>  fiuctualii/nn  in  Iboningiiclic  inteuxity;  nufHciiiut  thickuCHiB 
of  iron  U  nwiK-d  to  futly  dt-vtlou  tint  uingnotic  lintB,  and 
elaaticity  to  givu  free  mureiut^iit  uiutur  the  slightest  chaugea  in 
the  magnetio  uonditions. 

i]i3.  Thu  early  form  of  diaphragm  known  aa  the  "English 
Hecbanio  "  tetepliune  escaped  tiie  o&inia  of  tlio  [tatent  through 
having  been  publihhed  in  that  paper,  and  oonHcqucutly  "dis- 
olaimed"  when  the  iron  plato  wiM  ailciptei].  It  hua  been  osed 
ia  many  iuHtrumeuta  fur  that  reiuinn,  but  haa  the  dinadvantag* 
of  Taryiiig  in  tt^usiou  under  atinoHplicnu  ohaii^'s:  animal  mem- 
hraoea,  gold-boaler'a  skiu,  mid  various  iiubalanoes  have  been 
used,  and  it  would  iteero  by  nu  meaim  nulikoly  thot  som<i 
substance  may  yet  be  found  which  will  give  better  sound- 
efl«ctB  than  tiie  iron  disc  wheu  cumbined  with  the  donl>lo-polo 
magnets. 

ijii.  Actioh  Of  TRB  Tblephohk. — Th&t  the  speaking  disc 
ahonld  vibrate,  like  the  receiving  disc,  ia  naturally  to  bo  ex- 
pected :  but  for  a  long  time  it  wua  denied  that  this  was  tho 
nods  in  which  sound  w&e  pi-oduoud,aud  the  explanation,  J  ijiji 
was  favoured. 

The  moobanical  undulation  of  the  diujiliragm,  so  small  as  for 
along  white  to  escape  obsorration  in,  hiiwuvt-r,  now  jirored.  ity 
arrangiDg  carbon  roiJa  apon  the  ilino  to  aot  as  a  micro plioiii.\ 
I  the  sounds  can  be  roprodiKed  in  another  telephone,  proving 
I  variation  of  pr«8«ure. 

1J14.   Experimenters  failed  at  first  (u  demonstrate  these 
otions  even  by  the  delicate  agency  of  reflected  light;  but 
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tHiH  has  now  been  (tticcuesrully  omployoH,  by  fixing  a  light 
uiivror,  uot  on  tho  centre,  but  botweon  that  niid  tho  circuni- 
ference.  The  most  comptote  eKperimonU  nre  those  of  Dr. 
O,  Frolich,  whose  paper  may  be  fiiunil  in  the  'Electrician,' 
vol.  38.  p.  59.  lie  employvil  the  methud  of  LisBiijons,  re- 
ceiving the  reflected  my  upon  d  rotiiting  polygniial  mirror, 
wljich  greatly  enlurgc<l  tlie  iiKitiou  uf  the  ruy  ua  it  was  thriiwn 
upon  a  screen,  pru<lni;iug  u  VHriety  of  oiirves,  chungitig  with 
tho  cooditiuns :  tAch  kiml  of  suund  guncnktiug,  as  in  other 
cases,  it«  own  speciul  wave  funns.  It  in  obvious  tliat  tho  uont 
doUciita  rescftrcbes  may  be  mmle  iu  tliis  way  into  the  influencu 
of  iuiliiction  and  obuugea  uf  form  iu  the  iDntrumunt.  The 
telephone  iu  tbia  wuy  becuuR-a  utau  a  useful  agiint  111  examining 
tliv  pheuumena  of  electriv  ourreuis,  rate  uf  alternutiun,  im- 
pcdwicc,  &u,  bec^niie  theae  uU  vary  the  curvoa  produLtjd. 

itij.  Tlus  amplilade  o/a  sound  ti'traii'on  way  be  inappreciably 
small,  when  the  iwuud  itself  is  fecblu,  ub  iu  thui«j  of  ordinary 
telephones:  iu  fact,  it  has  been  caloulatt-d  tliat  im  amplitude  of 
400  uillionths  of  an  inch  may  suffice ;  but  until  ibesu  movumeuta 
woi'e  demon stratotl,  the  cause  of  tho  sound  was  sought  in  mole- 
cular eiiiraliuiu;  thus  it  is  known  that  a  bur  uf  iron  leogthons  iu 
magnotiiing,  accordine  to  Joule  i-37oooth  of  its  length  ;  go 
that  not  only  wuuld  the  bar  lengthen  and  shorten,  but  in  «o 
doing  it  would  udil  this  effect  of  approximation  to  that,  due  tu 
tliu  mugnotici  iuureatie,  and  so  produce  a  motion  of  thu  disc  whiuh 
while  ample  aoounliug  tu  Ike  foregoing  figures  to  produrv  li 
sound,  would  yet  be  lar  below  the  limit  of  visihility  or  measure- 
menb 

It  hiui  been  argued  that  a  inolooialar  increaae  and  decTeoae  in 
tho  thioknesH  of  Uie  ditiu  itaelf  is  tlie  nource  of  Hound,  and  thin 
OH  the  diHo  is,  the  proportions  would  be  udu(|iiutti, 

1^16.  Iron  in  tnagiieluinij  and  de7iia(fnclUiny  jfiton  tml  a  sharp 
"  cliuk  "  to  which  the  uclion  is  wimotimoH  attnlmled,  but  iuter- 
onliug  aa  the  fuot  is,  an  an  evideucu  that  nome  actual  uioltou 
ocuuru  in  magnutixiug,  which,  if  frequuntly  rei«.ated,  even  beats 
the  metal,  yet  it  ujipems  unlikely  tbut  the  umlulaling  ourreuis 
of  telephony  would  produce  that  motion  so  sudd^y  as  to 
generate  wund. 

j}!^.  We  know  that  indtufhrn  or  tlatit  chanjee  setup  actual 
attractions  as  used  in  the  balance  electrometer,  S  74,  and  that 
such  ohai'ges  ai'e  produced  by  and  vary  with  oleotlio  oorrenta, 
j  9^7,  and  that  these  charges  and  changes  imply  aoiDA  action, 
involving  motion  in  tho  particles  of  Ut  between  the  two  surfaces. 
Thuio  is  good  reason  to  suppose  that  this  plays  a  part  iu  the 
action,  for  there  must  be  induced  charges  between  the  wire  ooil 
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and  tbo  mntalltc  <lt»o,  whioh  ooUoota  in  itwlf  tbo  lines  of  furoe. 
In  fuvt.  ■■:]c{>liunu(  hnvo  Lwoo  iloriwd  whkh  dcpond  on  tliis 
■otian  uloito,  $£  inj-KX 

[ji8.  Till'  Ikia  irom  duif^ragm  may  tbortifor*  Im  npbovdt  in 
■umu  fortiui  »r  hilophoiK!,  t>y  thiok  [ilatMi,  or  other  mvtels  uid 
•v«n  Dun-iDciallii-  Nulmlani^oi.  Tlio  inm  ton  ov«n  mav  !>• 
dUpmtMKl  with.  ^udiIh  luay  ov«n  \it  ncvivwl  from  a  aingls 
phito  vf  wiv  metal  ooiiti«el«I  tu  on«  conductor,  and  hchl  )ij  an 
UMiilating  haiiilk- :  in  tltin  oms  it  ia  obvioaa  that  tlM>  tiotiou  ia 
poraly  ouo  ill  ttiQ  air  bctwi^ea  the  ioRalated  p1at«  and  th«  •nrfnco 
of  tlio  facv.  which  forms  Uio  uihvt  deotrodo  througli  thd  uarth 
virooit.  In  laot,  this  ia  an  el«m«utary  type  of  Dulbvur'a  imlno- 
tiOD  telephone,  S  i)lQ,  which  like  many  othur  mattvn  hero 
numtioDed  ij  of  interest  to  the  titudeut  of  ituionoo,  and  to  thcw> 
who  hope  to  oury  praotioa)  work  further,  even  Uiongh  nut  at 
proMUt  made  use  of. 

IJ19.  Varltf't  OotitUHKr, — This  oonsieta  of  au  onJJjiary  oon- 
dooaer  made  of  a  number  of  sheets  of  tin  foil  separat«d  by  double 
sheets  of  thin  paper  coated  with  shellao  vurniab ;  the  sound  is 
produoed  by  the  nctoal  motion  of  tho  foiU  niid  papers,  romltint; 
from  the  Huooivwive  nttrectioDs,  together  prubalilv  with  undnla- 
tioosuf  tht;  conbtiiivd  air.  It  was  pat«nlod  April  iS^O.and  WAS 
mainly  intvudcd  tu  uiuiat  in  mtilti^lo  tolography,  tlie  worldag 
ont  of  whieh  was  in  fact  tho  object  of  the  other  t«lephuno 
inreaton. 

i)£0.  Pivf.  DulbiMr  oairisd  the  idea  a  8t«p  further  iu  a  tolo- 
phone  cutioialin);  uf  an  uiM»Dden««r  oompoeod  merely  of  two 
plates  dose  to  oach  otbi:<r,  <iach  connected  to  ona  terminal  of  fhe 
oirooit:  its  actiun  de])enilH  vu  tbu  principles  explained,  S  'i'^'- 
as  it  reigoires  a  high  E  M  F  to  work  it,  huoIi  as  in  dcrivoil  from 
the  induction  ouil,  it  in  Ions  Ktihjual  to  diaturbanoe  by  nurrouud- 
ing  aotiona,  which  ai«  luiimlly  at  a  luw  K  M  F. 

1331.  Ur.  Precoe  hits  shown  that  tlm  varying  temperature  and 
OOOMquent  expansion  and  cuntructiou  pruduoea  in  a  wire  carry- 
iag  the  current  will  rcnroOuue  souuda :  hu  fonud  platinum  wire 
of  'OOl  inch,  6  inches  long,  Htrutchud  bvtweeu  a  pillar  and  a 
diaphragm,  to  give  the  best  results. 

t}33.  The  attractions  bt.-tweeu  the  turns  of  a  helix,  $  1 IJ4, 
either  with  or  without  an  eiiolosod  iuagu«t,  liave  also  been  pro- 

I posed  lo  Tibnttc  a  diaphragm,  as  alsu  liuve  been  tlie  polar  at- 
tractions of  tbo  two  arms  ol  an  vlaatic  horseshoe  magueL 
1)3).  If  a  bar  of  soft  iron  be  bsmiuered  out  flat  for  about 
lltalf  its  length,  suffloiently  thin  to  vibrate  pietty  freely,  and  then 
.'bent  fiiot  at  right  angles  where  it  begins  to  thin,  and  curved 
over  itself  aa  n  swan's  neck,  and  a  ooil  of  wire  be  applied  under 
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tho  first  W'lid,  nn  iuteruiitt«nt  current  produces  vlbratiuna  of  the 
tliin  vui\,  nlthuiigb  the  niagiielio  pulnnties  arc  tliu  buiuo  at  tlia 
boDd  nnd  iU  oppoaiiig  end:  this  is  becaitso  the  roturu  lines 
of  foTXie  are  greater  in  one  ca»e  than  the  othvr,  und  alno  because 
thn  change  of  magnetism  occurs  more  rapidly  close  tu  the  coil 
tlian  at  the  ends,  &ii  that  for  u  moment  there  is  ti  difioreucc  of 
pnlarity  goneratvd.  Such  an  apparatus  atits  as  a  telephone  if  a 
disc  of  cork  is  adjustt-d  to  thfi  vihruting  tnd. 

I J34.  The  gruat  diffitulty  of  the  telephone  is  that  ite  extreme 
unsitireneaH  revemU  uleclric  variatioiia  inappreciable  by  an^ 
other  nieanB.  It  teatifiee  U>  the  aligbteet  changes  of  magnetio 
intensity,  or  of  electric  current  anywhere  in  its  neighbourhood. 
This  faculty  is  utilizod  iu  tha  induction  balance,  8  1384,  ftud  la 
replacing  the  galvanometer  in  the  Wheatatone  Bridge,  and  in 
testing  changes  as  suggested  S  lOia  ;  in  like  manner  it  proves 
that  ihe  currents  from  dynamo  machines  are  not  absolutely 
conatant,  and  shows  the  intermitteuce  of  the  action  of  the  Holx 
and  similar  machiQCs,  and  of  vacuum  tubes  when  the  etrisa  are 
manifested  sTen  from  a  battery,  auch  as  described  9  i  iC.  For 
fiuch  purposci  two  fiuitaUo  circuits  are  wound  [larullul,  or  au 
induction  ooil  with  break  screwed  down  can  bo  used. 

I JI5.  Tklei-donb  Circuit. — Asa  consequonoo,  the  tolophone  is 
mibjectto  nunierooa  disturbances.  Tho  roooiviog  disc  may  be 
disturbed  by  surraundiug  sounds  or  mechaniciil  vibrntious,  as 
well  as  by  the  speech  directed  tu  it,  but  this  may  be  guarded 
against.  Tho  varying  ouirenta  passing  in  UL-ighboiiring  wires 
will  induce  ourrenla  in  tho  telephone  oiroiiit,  and  eomo  very  ex- 
traordinary instances  of  this  are  on  record.  The  only  sure  pro- 
tection a^inst  this  is  to  une  double  wires  of  the  same  diueusions 
for  the  cimuit,  and  these  ought  really  to  be  twisted  upas  a  cord, 
to  «nsure  equal  dislanco  of  Uie  two  wires  from  all  surroundingK. 
The  rapacity  of  luake-believe  inTenton  has  been  folly  oxurcisod 
in  this  matter,  and  the  most  obvious  espediunis,  such  as  would 
occur  to  anyone,  have  been  ooolly  patented ;  even  the  mere  wsa 
of  a  Kturn  wire  oircnit,  instead  of  the  "  earth,"  was  patented, 
though  it  is  the  uuiveraol  mode  of  oonduotioo,  exoept  wher« 
special  conditions  make  the  earth  retnm  advuntagL-oua  purely 
for  economical  reasons.  Uiflerent  modBs  of  exchanging  the 
iBrtwal  wires  carried  on  telegraph  poles,  so  aa  tu  cause  one 
Motion  to  neutraliiso  the  action  in  others,  have  been  devist^, 
•nd  would  bo  useful  whcro  even  a  difference  of  distance  of  a  few 

k  inohos  from  powerful  currents  would  bo  of  im  pur  tuna.- ;  but  an 
a  rule  two  cupper  wires  parallel  to  and  close  to  each  other  will 
show  very  little  induction  disturbances. 

|-     i)i6.  Iw^fdariM,  f   jaj,  is  the  great  enemy  of  telephouio 
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trvunninioo ;  man  nwiittaDoti  \m  of  oomixirutirely  littlo  ooo- 
■ciqtuooA,  C  l)0}.  InijmLutcc,  lij  nbitorbiDj;  I'licr^,  produces 
n^tardation,  aiul  ttiAt  Dot  iu«i«lj  h  m  oniloriu  delay  :  as  tbo 
aotionsara  0ODHt«nlly  mroniuK.  the  effect  ui  to  pile  Oiem  npoa 
eadi  oth«r;  tlie  auocMsion  of  dittioot  wave*  ur  impulsee  of 
aunnd,  no  lonevr  geaente  dinilar  distinct  a!eotno  itupnlsos,  but 
what  sh«>uld  T)u  orderly  wave*  ar«  broken  ap  into  an  irregular 
oommotion  which  anpeara  on  tlie  t«o«iviu^  telephone  as  a  mere 
roar  instead  of  a  aeflnite  soand.  ThiH  is  the  reason  of  the 
limitation  of  the  dioUnoe  at  whioh  telephones  will  operate. 

I  jay.  Tbaxsmittiss. — At  first  the  telephone  serTod  both  pur- 
potea ;  the  inatmment  spoken  into  acting  as  a  magnetic  gene- 
rator of  current  on  the  same  theoretical  principlee  as  those  of 
5  lot  I ;  the  motion  of  the  diaphragm  rar^'ing  the  magnotio 
circnit  and  distribution,  and  consequently  prodndog  clcc-trio 
undniations  of  current,  which  reproduced  the  motion  in  tlio 
reoeiTing  diaphragm.  But  better  rexulta  are  obtained  bj- 
OMMing  the  tranamittiog  instrumoot  to  prodiio!  rariatious  in  a 
evzT«nt  not  goDarated  by  ittK'lf. 

Ij]6.  An  important  flifTercuofr,  materially  aHccting  the  dtH- 
tanoe  and  deameaa  of  nuuii<l-]iruduotiun,  is  that  the  magnet's 
carrent  ic  allematinij,  revenriiig  its  direction  as  tlie  diaphragm 
moves  to  and  fn',  whtlu  the  external  generator  ^ree  a  onrreut 
of  Mai/orm  diix-ction,  undulatory  only  lut  to  itA  de^^ree;  this  has 
impoitaiit  relaticmH  to  the  inductance  of  the  ctroiiit. 

1519.  The  MicRopiioNB. — If  two  wiree,  furmiug  pert  of  a 
ooninit  with  a  battery  and  a  galvanometer,  be  simply  laid 
aonaa  each  other,  a  current  will  peas :  if  pressure  is  applied  to 
the  orossing,  this  current  will  inorease.  It  is  said  that  prceauro 
diminislies  the  resistance,  but  the  intelligible  explanation  is, 
that  it  increases  the  oonduclanoo,  §  4SS,  by  slightly  flatteainK 
the  wires  and  enlarging  the  actual  surfaces  in  (intact.  This  la 
the  principle  of  the  "  Miomphono."  Prof.  Hughes  obsorrod 
that  the  vibrations  duo  to  sound-wavm  wore  sufficient  to  pro- 
duce this  Tarj-iug  conductive  capacity,  and  dcviitud  an  aj^jiaratus 
for  applying  the  motions,  whirb  being  influenced  by  almoal 
infinitesimal  ribratiuns,  nnd  nmnifesting  thorn  an  comparativtily 
lotid  sounds,  ho  called  the  nii>r(>p/ii/n«.  I'hin  instruuient  he 
gave  to  the  world,  and  it  in  the  foundation  of  most  of  the 
patented  traniimittciii  now  in  use. 

)}}0.  In  fiu-t,  the  fumi  and  ttrrangenient  may  be  varied 
almoat  ad  infinitum,  im  may  t)io  materials,  though  it  i»  found 
that  carlH>n  w  tbo  most  advantageous  in  practice.  The  ntmplost 
and  earliest  ex[icrimontal  apparatus  consisted  of  twonailit  witha 
coin  lying  over  tliem :   if  we  place  a  fingii-  on  the  top  of  a 
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btl>l«  tind  then  apiotilc  to  the  tablo,  wo  ehall  foci  n  vibrntion  ilue 
tu  ih^  iiu{Mict  of  tbo  isuuud  wavoe,  uud  this  is  tjuHicietit  to 
produce  a  varying  con tAi;t  bctwooa  tho  win  niid  niiils;  HtilHti- 
tute  for  the  lalilo  a  bolter  resonator  or  sound -bonrii,  or  bu  eluBtiu 
diapbrai^,  atid  Ibrtba  miiUnnd  coins,  pisc^osuf  carbon  in  voriublo 
JDstapoHition,  and  wc  huve  the  luiuruphone,  which  as  at  lirMt 
btatoi),  to  thti  eiirprlBi'  uf  the  wurhl.  would  niiike  tho  "  triiiuu 
of  a  fly  "  nudible  ut  a,  diHtanoc.  In  fact,  it  has  lioen  Eaitl,  witti 
(iciontiflc  triitb,  thai  a  6y,  wliuii  it  aettlos.  xhakcH  tho  world  : 
that  shake  Is  liuwuvc-r  not  ajipreciuble,  but  eiiuh  foutetep  uf  the 
fly  will  certainly  vibratu  a  ML-usitive  aonud-buiird,  and  what  is 
heard  io  iht-  lelephoue  la  «ot  thi-  fuobilep  of  tho  fly.  but  a  wholly 
now  Bouud,  the  meohanioal  equivaleut,  not  of  the  work  done  by 
tho  fly,  but  of  a  disturbance  in  an  electric  oii'cuit  in  which 
strong  forges  may  oporatfl. 

I  jji.  Prof,  Hughes  gave  this  real  disoovery  to  tbo  world,  and 
he  (dso  gave  the  prinoiple  of  arrangement,  v'lx,.  that  the  number 
of  such  vuriablo  contacts  must  vary  as  the  coILh  in  a  battery  do, 
in  soi'ioB  for  small  currunto  and  largo  rosistanccH,  in  paiallol  for 
luTEcr  oiinvntu  ;  that  in  to  nay  that  each  nucK  varioblo  contact 
will  only  tmiinmit  or  vary  u  limitud  current.  Hut  invoutcrii 
and  ])ut<-nt<^u(>  Heised  ujion  every  imaginable  variiitioii  uf  arritngo* 
ineut,  with  the  result  that  actually  iiettd  transmitters  are  known 
W  the  names  of  thuir  armugere,  while  all  are  but  forius  of 
Hughea'  microplioue, 

i)}i.  Btiai't  origittaltrafitmiUer  itiacloseumiroximatien  to  the 
micropboue:  it  consists  of  a  light  Imlanoed  lever,  oue  end  retit- 
ing  agaiust  the  diaphiagm,  the  other  oloHiug  a  contact,  which  if 
ms^e  aj^itjst  an  efastjo  face  would  jiroduoe  varying  pressurea 
rather  tliau  actual  break  uf  oii'cuit,  or  tuight  inti'iiduce  a  uere 
film  of  air,  remaining  a  conductor  as  in  the  arc. 

The  microphone  takes,  in  fact,  just  that  slight  step  by  provid- 
ing contacts  wllicll  vary  in  number  and  )iio»ute.  and  therefore 
givta  tbo  oonduotaaoe  of  the  circuit  an  umlnlutiug  character. 

ijjj.  A  seTteitii/e  /<irm  consiats  of  a  verlical  sound-board  or 
diitpantgm  ou  which  are  secured  two  blocks  of  carbon  ooq- 
nooted  to  tho  circuit:  in  each  of  these  a  nmall  conical  hole  is 
fbnii«d  to  reooive  the  conical  ends  of  a  light  stick  of  carbon. 
The  Otucer  microphone  in  England,  i  i}4it  and  the  Ader  micro- 
phono  in  France  Imve  been  most  largely  used  ;  thoy  are  perfectly 
alike  in  reality,  e<ich  iNinHimJng  of  n  uiimbor  of  rotle  of  carlon. 
connecting  tunuinal  block*  ul'  carbon  :  in  the  Ador  thoy  are 
arranged  in  rows  between  the  blookB,  in  the  Qowor  thoy  are 
ndial, 

l}}4.  EdUim'ttrantmitler  produc^ew  on  undulating  current  by 
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TmryiDg  ttio  nwurtaiKH?:  tbia  in  nflivU'd  liy  preaeun  «xorU<iI  hy 
tin  dipnri^^  ii|kiii  a  Miiok  of  i:ar)i<i[i  <;uui[iunci1  uf  ooiu]jrc-wte<l 
bunpbuiok,  Mr.  Rtlinun  oUimod  the  lUaoovei^  of  tliiu  oliauge- 
kU«  rMurtuioo u  nudu  bv  him  in  187]  audntilued  iu  pruJudu); 
rhoostota  ftHinccbj-  rnrvrng  {irtMure  npon  powdered  oartrao  in 
gimm  tnbrs.  Thure  !■'  no  nmncm  to  doubt  ue  «otwtl  disoovery, 
bill,  like  mnny  atixi  HUti]io«LHl  iitventions,  the  fftct  itMlf  waSj 
puMifi  |ir»]x-riy,  huviiiji  buuii  ^lublialiiMl  by  l>u  Uonool  in  id%6t 
Knd  iJMMwiaiii  wi^ru  mule  on  this  priodple  in  QarmtiDy  in  18G;. 
Bui  tbe  bat  fawi  b«en  very  neefoily  applied  by  Mr.  KJison  not 
otily  in  telephony,  bat  ia  other  delicate  instniincnts,  ftnch  m  the 
mioro-taciBMiler,  S  i  }8C 

It  reallr  openttea  in  tho  same  manner  aa  the  various  micro- 

pbonea.  tnoUKh  Ur.  E<liM)n  at  first  tliought  an  acttial  rartatioQ 

~  f  oontluctivity  ot«urB  ;  but  it  i»  now  known  that  the  effect  io 

eaaeii  is  due  to  a  more  or  leas  perfect,  or  greater  or  Ku  aurfooo 

of  oontaot. 

The  external  form  ia  similar  to  the  Bell  telophooo,  but  the 
movable  rod  which  replawa  the  ma^ot  ia  only  uf  ujki  for 
adjusting  the  iniital  preseure:  on  thu  is  laid  a  [ilatiiium  plato 
OoonectMl  to  tho  circuit,  tlivn  the  block  of  oompreaeed  carbon, 
eovereil  by  ntiothnr  pliitiniitu  L-WtruJi*,  and  a  ntate  of  ivory  or 
glow:  in  tho  raitbllu  ■.,(  thin  a  brima cylinder  (which  replaces  an 
uidla-rubbcr  bl>jck  at  tint  ummI)  tratiamitd  Uio  niotiona  of  the 
diaphmgiu,  or  tli<:  vuryiu);  pressured  duo  to  the  impact  of  the 
■ouoroui  wavi«  whi-n  a  muru  solid  or  noc-vibrfttin^  plate  is  nsed. 
It  has  giiac  out  of  iihu,  the  miorophoDOs  proritlg  tho  best  in 


Outlriu'*  carbon  helix  is  the  latcat  modificatioa :  it 
of  ahelioul  spring  composed  of  a  oarbon  filament  like 
tboee  of  lampa.  so  foriuej  that  tho  turns  have  varying  prewuroa 
tiMti  each  other  according  to  the  pUy  of  the  iliiiphrugin  to 
whtoh  it  is  couneoted  at  ouc  eud,  and  the  adjustmeut  uf  a  screw 
■t  the  other  end.  It  is  stated  thut  h  helix  weighing  only 
1  gT«in  and  exceediii|;ly  mobile  will  var^  in  reaiatauoe  from 
10  to  jooohuis.  At  tlR>  time  of  writing  this,  only  a  preliuiiuory 
dcsoription  bos  Imwu  published. 

Ijj6.  TrantmiiUrt  in  ihIikA  th«  rctiilanee  variei  permit  the  use 
of  induction  coils,  tho  trnosmittcr  replaces  tltu  contact  break 
I  leDda  undulatory  currents  from  a  Imttery  into  (he  primary 
tht  coil,  white  exactly  similar  uuduhiUons  are  produoed  in 
MOondary  wire  :  thcnc  however  have  a  much  higher  K  M  P 
It  tboso  of  tltc  battery,  and  nre  adapted  either  to  sending 
irrvnta  through  a  high  redstoiMW,  or  to  working  condenwr 
"  onu*  hy  "  charge." 
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i))7,  TKBQKiEflOir  MiCKOFiiONE  Actioit. — There  has  been  much 
cUsciiiinon on  thie,  and  soTor&l  oxplanattons  «re  matntnined ;  tw  ( i) 
ft  Viiriable  resiaUnco  duo  to  compresBion  of  tho  carhon  itoelf^this 
ianow  entirely  disprovod  ;  (j)  variation  due  to  alteration  of  the 
sninl>er  of  molecules,  or  area  of  surface  in  actual  cnntaut;  (j) 
variation  due  to  i>rossiire  of  air  film  preventing  absolute  contact, 
but  itself  acting  as  a  conductor ;  {^4)  the  formation  of  an  arc  of 
varying  resistance,  in  eitch  an  air  film;  (j)  an  intermittent 
make  and  break  of  circuit,  The  last  two  may  appear  alike, 
but  there  is  an  essential  dilTcrence  of  principle  between  tbem, 
dependent  upon  whether  the  circuit  is  actually  brokeu  and 
current  slopped,  or  whether  there  is  merely  a  rise  and  fall  of 
conducting  capacity,  never  interrupt^,  with  a  consetpient 
undntating  current. 

13 }8.  Theair^7ni  theory,  and  that  of  tulual  eontaci  differ,  and 
yet  agree,  for  tlie  (jueatiun  arises,  What  u  actual  omtacl  in  tfaiB 
aspect?  All  surfaees  have  a  filmof  air(S  715)  on  their aurfaoea, 
wfiilo  carbon  putmesaes  special  powers  of  coniieuMing  gases. 
MicTuBCopic  examination  teuds  to  show  that  there  is  a  alight 
separation,  and  even  a  rejieUeut  action,  and  Mr.  Stroh  has 
D8tiniaUid  ihnt  a  space  of  i-aocxitli  of  ft  millimetro  existe  in 
a  delicately  balanced  microphono:  it  seems  improbable  that 
auch  can  l>e  tlie  cose  where,  as  in  the  Edison  and  Blake 
transmittuni,  a  considerable  initial  pressure  exists.  Messrs. 
Probcrt  and  Soward  appear  to  have  proved,  in  a  paper  read 
April  isth,  1 68 J.  to  the  Society  of  Telegraph  Engineers,  that 
this  film  does  exist,  for  they  arranged  a  microphone  oout^ict  in  a 
v«eel  through  which  they  passed  etioams  of  different  gases  and 
found  a  difference  of  resintaiice,  viK.  moiat  air  j86  ohms ;  dry  air 
5J0;  oarbonio  acid  4}-; ;  and  hydrogen 600,  with  corresponding 
effects  in  reproducing  BOtjads. 

')}9*  Btil  auch  minaU  jihius are  cmtducloTS :  that  is  to  say,  electric 
tranatniasion  takes  phioe  a^.^ioss  them  jmit  as  it  does  through  a 
moderately  good  couduclor  of  high  spceilio  resistance,  though 
this  may  be,  for  air, gi'eater  than  that  ol'  caibon,  as  this  is  greater 
than  that  of  silver :  or  it  may  bo  simply  a  question  as  to  the 
diatADcc  at  whioh  the  molecular  actions  can  oocuv,  and  prodiioo 
electric  transmission.  Uut  we  know  that  kUih  films  do  not 
arrest  olcctrio  transmission,  for  even  the  low  E  M  F  employed 
in  electro- metallurgy  surmounts  them.  A  piece  of  gold  ttwh 
cloanod  rooeivcs  an  adherent  coating  of  copper ;  if  we  leave  it 
eiposed  to  tho  air  to  reform  its  film,  wo  can  still  deposit  copper 
on  it  frooly,  though  the  ooat  will  not  adhere :  we  have  htfra 
the  distinction  jjctween  moUaiiar  contact  and  circuit  <uro**  an 
CI jr  aim,  but  it  is  cridont  no  arc  can  accompany  this  traoBmission. 
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ProfaMor  BlvUi  liu  howeror  provod  that  ui  an  nw;  b* 
fonnod  in  tbn  iilm  of  sir  »di1  wilt  act  as  a  transmitter,  bnt  fa« 
naed  su  £FU  Blti^gcUifir  out  of  iintctical  rsngo.  It  is  nUo 
knowii  thst  s  vsrisl>l«  src  Ump  will  givo  riso  to  soands  in  s 
tekplMso. 

1  y^o.  Equal  variati-nt  offarmatrt  do  »ot  fndue*  •{iidi  fhtnjft*  of 
futonw.— Ur.  81>ciror>l  Itnlwt^ll  pablishod  s  Tory  fall  sorios  of 
({ytrituiints  whioU  k1ii>w  thst  th«  grvAtont  vu'istioB  oooura 
wlule  llie  pKMura  is  smull,  abd  thst  a  limit  i»  soon  rMohccI  st 
which  liltlu  effisct  IB  pnidiiu«l :  it  would  npprnr  na  though  thu 
esrl;  setioD  i«  to  thin  siid  Hi|Uii(rz»  out  tho  sir  film,  thim  to  piMS 
BDora  Mtrbeea  togi'thor  uuti)  th»  limit  of  olasticity  ix  machc^l. 

Ha  alao  foand  that  tLi<  mUlawe  tviri'n  letfA  d%^rrrni  ^urrento  .■ 
therefore  there  is  aumething  Ivnidtui  n-nliiUtDoR  to  \»>  coniudorod, 
Tha  rewitapoe  t^jiea  mott  with  Huiitll  currmls,  pronurn  Wing 
aaaitantt  but  is  lovrtred  hy  thu  iocreiMo  of  ourn^nt,  tininliiig  to 
ftB  SOtiOB  of  the  biMt  duveluiiud  at  tlio  oontai^t,  whiuli  in  not 
rMdiljr  oondncl^d  away,  boci^um)  oarbun  is  s  bail  conductor  of 
hoot 

Ij^l.  pKixciFLBi  or  CoHsTRDcnON. — Hw  sdjustniftut  and  tfa« 
rasutanm  mnst  b«  mitod  to  the  roqaircd  porposee :  for  very 
•Usht  aouniU  or  motions  tho  moving  parts  must  bo  very  light 
■aa  th«  oajiacity  of  motion  vwry  delicate :  but  if  anch  au 
•ppwstiM  wcrv  naed  to  tranamit  apaeoh,  little  more  than  a 
oontinnooa  ntar  would  i»>  hoard.  For  thia  pnrpoee  heavier 
UUMs,  groatvr  pr«a«uro,  and,  as  Prof.  Hughes  indicated  from 
the  firat,  W)vontl  Hopantte  junctions  are  required,  as  used  in  the 
OowoT  tnuMtiii  ttor.  Thla  Oonaists  of  a  sound-board,  to  tlio  middle 
of  which  a  luuud  block  of  carbon  is  attadicd,  having  «ix  conical 
1m)1m  around  it;  six  uorri-apotiilingbtiickaarcarningird  in  acirolv 
wound  tho  sound -board,  und  ]Hiiiitod  carbon  rods  cunnuct  thom  : 
tlinte  of  the  blocks  on  each  niilo  iiro  ooiintictvd  togi-thi:r,  and  to 
otie  terminal,  i»  Uiut  t)ii>Hj»tciiiuctii  as  throe  2>airii  of  cuutacts  in 
multiple  aic,  and  two  in  BcriiM. 

IJ41.  The  ]iiiiicii>li.-H  fur  a  Hpcakiiig  microphone  may  be  con- 
veuieully  stattMl  D(^arly  in  Mr.  Bidwtdl'ii  conclusions  from  his 
ex[>erim«ols :  (i)  thu  coiiBtitiu-uis  (moving  carbons)  should  be 
numerous.  (3)  I  hey  Hlioiildall  ho  in  immiple  arc.  ())They 
should  U-  liLvtvy,  to  givL-  inertia.  (4)  Thu  jirewiura  aliuiild  ho 
light,  by  adJii-l[uout.  (s)  The  reaJstanco  Khimld  bo  small,  and 
adjustixl  to  that  uf  the  whole  circuit.  (6)  The  currant  should 
be  largo  in  the  whole  but  small  at  each  oontaet. 

>]4).  DiCTAKCE  ov  Trakkmissiok. — There  appears  no  reasrm 
why  rtu-Te  dUlamx  should  be  of  any  moment,  nor  tho  more  r««iitit> 
BDoo  of  the  circuit,  aad  this  loads  enthnaiaatio   people,  who 
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t»Bcy  tb«t  Ihoro  are  no  limits  to  sctentifio  poaulnUtie*  to 
imkginfl  thftt  it  wili  yot  be  poealble  to  Udk  throagh  Atlantic 
eablea.  'ITio  limitiof;  laws  are  howerer  oow  prett;  wcJl  aiid«r- 
»tood  :  th«  obstacles  to  tranAmUsioD  are  tDtern&l  and  oxtomal, 
inductance  and  induction  reaalting  in  th«  ooofasion  deccribtd 
i  ija6. 

t)44.  Induction,  tho  inflnonces  from  witfaoat,  of  electric  ami 
magnotio  changoa  roacling  within  the  wire,  luaj  bo  wkollr  got 
rid  of  by  groat  car«  in  arranging  the  circuit,  and  maioly  bT 
Bocuriog  pqnal  opiKwin^  nctionH  within  the  circuit ;  efMtml  wiiul- 
ingofthu  oondnctora  in  nnhlcB,  and  an  eqnivalent  cbangv  in 
aorial  wire*  at  tlin  inip[>tirtii,  am  ia  now  done  in  the  P»ri»  and 
Ixindon  line,  will  pnst^  woll  ncatraliM  external  actions. 

IJ45.  Indiirlanfc,  tlm  internal  reaction))  of  the  circitit  itaulf, 
oanniit  bv  entirely  diiqioKud  iif,  m  it  i»  an  inhorcnt  part  of  cun* 
duotaooo,  $  469.  Ttiu  undulatioDs  of  apmoh  involre  about  1500 
ohangcn  of  cnrrvnt  per  aeoond,  and  vrory  one  of  tfao««  meona  a 
ohangQ  in  the  static  and  maguetio  eharEcs  of  thi;  circuit. 

1)46.  Tho  limiting  taw  in  very  Hiroj^e  and  <lopoQda  on  the 
"proiliict  of  tliP  rcitiittjinw  and  cupacity  "  <>f  tho  lino — K  R, 
According  to  Mr.  ^p.^M!o,  who  ciirvfnllj  atndiod  tbia  subjoct 
while  preparing  for  the  I'aria  lino,  whon 

K  R  =  15000  apcoob  becomes  impomifalo 
„     =  ijooo      „  „       just  poaitible 

„     =  loooo       „  „        fairly  good 

„     =7500      „  ..        very  (^ 

„     =    5000      „  „       esoolWt 

„     =    3500  or  leaa,  speech  buoome*  perfect. 

The  B  AI F  or  current  does  not  affect  thia  because  they  and 
thp  distil rlMincim  rise  and  lower  together:  but  the  sennitivonoiH 
of  tho  rpcoiving  inatrument  does  intluence  the  limit  at  which  it 
CBti  bo  emnlciyvd. 

t}47.  The  eapaeilt/  of  the  tine  depends  upon  ita  mat«rtal  and 
its  mode  of  iiiMulution,  aud  those  who  wish  to  study  tliu  subject 
will  6nd  the  details  in  Mr.  Preece's  paper  to  the  Itoyal  Socioty, 
)rd  March,  t8f$7.  Ho  gives  the  law  0/ limit  o/dittaitee  On  x*  a 
A/K  II,  wliuro  A  m  a  constant  for  each  material 

Copper,  ovorhdid     i5>ooo 

„        in  cables     la.ooo 

Iron,  overhead  .       10,000 

The  remit  is  that  the  material  roostbeoopper,  and  tbepoMibU 
distance  ia  invoracly  as  the  square  root  of  the  line  valne  K  R. 
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■  {46.  The:  P<in'*  f^iHloM  Ii'm  liUH  pn>Tr<1  tliit  trtith  of  tbau 
prinoipltw  by  iln  tntwt  perfect  wurking,  and  koids  particnlan 
tuny  Im  of  int«r(!Hl.  Tlio  Rng1iB]i  liitiil  linn  in  409  lb.  copper  to 
tbe  niil«  <»rri(:<l  mi  |k»>U  70  vnnln  iijurt  nn<l  35  fmt  from  tho 
yruutul.     Ill  thii  EngltHli  purtitm  the  two  wire*  of  the  circuit 

Lkfiooti  turn  ovtrv  fuor  jmncU,  ■iitl  in  thv  Frenoh  pArC  in  orery 

:,  and  the  Engli^  nart  wurks  ntbor  twttor  than  th«  French. 

•e  Fnnob  liuu  ta  600  Iba.  to  the  milft,  but  it  ia  itgurod  by 

length  of  ani)eni;nnuid  cable  whure  it  outvni  Pariit. 

Tbe  caU«  oontaine  4  oircaiu,  (woh  a  Htnuid  of  7  winw  160  Iba. 
per  nautical  mile  of  7  -30  ohnia  ruaiotanou  jwr  mile,  iikHnbitvd 
with  i^uttapeicba  and  Cltntt«rton'H  conitiound,  witli  iiintilatioD 
in  water  ol'  500  ueK-ohiua  per  kuot  ana  h  oapuuily  of  0*1045 
microfarad  per  knot,  and  the  seToral  oorea  are  twisted  In  * 
■piral. 

1349.  Tbe  details  of  the  ecreral  portions  are : 

Mi  It-*. 
London  to  St.  Mnrganitii.  84 -5 

Mblo       aj- 

Ate  toParin 199- 

UDdfti^;niuud        ..  4*8 

)ii-)  €9)       10-6] 

KB  =  693  X  io-6j  =  7359, 

IJ50.  Tbe  lino  has  l«on  coniiecleil  Ut  Mnnicilloo,  a  fnrlher 
listanoo    of  ^00  niil<«,    thrifuith  which    a|KTi,<i:!h    was    ptxwiblo, 
lionsh  diffionlt  bouutiito  the  lino  was  not  e]>uclally  (xinstniotvd 
tea  the  pnrpoeo. 

In  Auerica  Hiwooh  i«  oommou  over  great  diatanoeo,  but  in 
thme  cuee  the  linos  aru  wholly  aerial  aud  carrieit  over  country 
with  little  disturbing  iiifluenoed.  Where  oabti^s  and  undur- 
ground  wires  arw  iwwi  tbe  dilRcillty  beooiues  much  jj^vatar, 
■imply  because  of  thu  iiii-'viiable  increase  of  the  ca]iaoity  K. 

IJ5I.  TelbI'Iiokb  Systems, — Space  will  not  permit  the  do- 
HOriptioQ  of  tlio  arraugemeuta  of  tlte  regular  telephone  "ex- 
changoa,"  n«r  is  it  necessary,  as  tboae  oonoenie<l  Iii  Ihein  nmst 
abide  by  tbe  arraiifcements  lu  each  case.  They  inrolvu  the  siili- 
division  of  an  aivia  into  districts,  at  each  of  which  there  is  a 
"  switcblioard  "  by  means  of  which  tbo  attendant  cnunoet.i  any 
reqnirod  circuits  toi^ther  so  as  to  enable  any  one  aubsoriber  or 
atation  to  wtmuiuuicate  directly  with  any  other,  whenever  iho 
oondition  of  the  line  aud  iustruments  permits  theory  to  become 
practice 
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i}53.  Bnt  it  may  be  useful  to  show  euoh  a  Bystom  ae  any 
pecBOii  can  employ  for  porBonal  roqiiircmcints,  The  actual 
ap[>aratUB  to  be  employed  will  be  readily  eolected  and  made  by 
thoao  who  comprehend  the  general  deBcriptione  already  given, 
and  who  are  capable  of  bucIi  work,  while  there  are  plenty  of 
manufacturere  ready  to  supply  suitable  apparatus  to  thoeo  who 
require  their  aid. 

A  call  is  a  first  essential,  ttnd  many  attompta  have  boon  mado 
to  make  the  tijlephone  itself  serve,  but  the  ordinary  bell  ia 
generally  used,  now  that  battery  currents  are  again  employed. 

The  call  may  be  actuated  direct,  or  a  relay  can  bo  used  to  set 
a  looul  battery  in  action  ;  with  a  polarized  armature  thie  will 
ftlso  enable  the  speaker  to  select  which  of  two  instruments  he 
may  desire  to  nddreeB,  according  as  he  sends  positive  or  negntiye 
curroutB  to  the  line  by  means  of  a  reversing  commutator. 

I}5J.  Fig.  109  is  a  diagrammatic  explanation  of  the  prin- 
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oiplon  of  a  oompletv  oirouit,  tlie  aotunl  arrangement  of  which 
mSLy  be  greatly  varied.  L  is  the  lino  wire  connected  to  the 
movable  lever  or  xpring  H,  upon  which  thu  tvtophone  is  bung 
when  out  of  «8c,  so  that  its  weif;ht  sliftU  pluoe  H  in  contact 
with  tlio  i>oint  t  and  the  call  sytitem:  thi^i  circuit  then  passes 
by  the  spiing  B  to  puint  4  uomiectt-d  to  the  el  octixi -magnet,  and 
then  through  the  vibrating  Kpriug  S  to  E.  £  represents  the 
MTth-plato  or  return  wire,  to  which  various  oonnoctions  have 
to  bo  made. 

If  tlie  other  inHtrument  is  to  be  ottlled,  the  pnsh  puts  B  in 
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noaUct  with  point  j,  by  which  Iho  positivo  polo  of  tbo  hMMj 
%)  is  pat  to  lino ;  Z,  thf>  Dogntivo,  being  porman^ntlr  to  c«rth ; 
tluBMDdfloatAoamtitwhich  net*  m  juatdcMcribed  in  tlivoth«T 
tastmmBDt. 

Unhooking  tho  telephone  piiU  thu  flp<-itking  iijst«m  in  ctrouit, 
as  Bhown.  by  meuu  of  «  doiihin  oont«ot  koy  or  »wiUib,  pat  un 
^oint  6  to  nootw,  and  oo  point  7  to  aond  r  mvMagv,  itn  moving 
arm  pntting  flitbor  tho  tolophano  or  Irunnmitter  to  tmrth  us 
rmitin-d. 

Tho  tranmnittor,  of  wtiat«Ter  fonB,  Hhown  aa  %  Biinnlo  mioro- 
phono  M,  i»  conneotod  ti>  tho  batt«ry  thiviiigh  a  Dwitch  ur  plnff 
V,  to  cut  it  off  wh«n  not  in  nae:,  thti  ourront  piuning  throUKa 
tbo  primarr  of  tho  induction  oull  I,  and  to  tho  r.inc  of  too 
battery.  'I'ho  wNsumlury  wire  oomplotos  iu  circuit  llirougli 
point  7,  anil  thn  Hwitcb,  to  ita  own  «artb,  and  through  point  i 
and  H,  U<  t)io  line  aud  tho  diatant  instntuient  i^iirth. 

If  a  »inipl<!  tul(!p)iui>i9  in  iiittMl  tu  npi-ak  tliri>ugh,  ita  Kcund 
«ita  is  put  lu  oarlU  iniitt.-ad  of  to  point  6.  and  thu  ono  telophono 
employed  for  Intth  ojioukiug  and  hearing,  ur  two  oouneoted  in 
ftro  or  aerieo,  may  bu  employed. 

I  ]  J4.  Tb«  Poat  oflitw  engineers  Gvd  that  the  beat  constniction 
of  ina notion  coil  for  tbic  purpose  cun-tBta  or  160  to  1S5  turns  of 
No.  3)  gAtige  and  -5  ohm  reaiiitauciu  fur  primarj',  and  41C0  to 
4  J  JO  turns  of  38  wire,  of  3^0  ohms,  for  Bowmdary :  hut  of 
ooone  the  coil  ooght  to  bo  adjusted  by  tlie  ordinary  laws  tu  tho 
oonditiuna  of  tbo  circuit  it  ia  to  be  used  with.  | 

t)j5.  BamoPHosy. — One  of  the  moBt  intereatiiig  of  recent 
disoovenea,  on  eciontitic  groundH,  ia  tho  oitromo  senaitiTenees 
of  matter  to  the  amalloat  variutiun  in  tho  atroama  of  ladiaat 
energy.  To  the  ordinary  perception  it  appcara  that  changes  of 
t«inperatuTe  r^uiro  conaidoraSlo  timo  to  produce  any  effect 
upuu  matter,  but  wo  havu  now  learnt  that  they  are  attended 
with  gir^t  molecular  chnngcs,  modifications  of  etnicturo  and 
proper liuft.  which  occur  with  a  rajiidity  comparablo  only  to  tho 
speud  u{  light,  and  wbiub  Hhnw,  an  atatod  $  1040.  that  each 
nioleonle  of  matter  is  tbu  ovtitro  of  action  of  many  funica,  and 
BWayed  instantly  by  any  i;liiingo  of  relation  among  thoao  forcca.  , 

i)j5.  Sound,  asexplninuil  $S  1166  and  129  J,  is  a  imply  a  ribra- 

ktfoN  which  ia  perceived  and  measured  by  a  special  organ,  tho 
nr,  but  wbicb  may  also  bu  sovn  and  felt.  Like  light,  it  involves 
tttatrte,a  tno^e  0/  jtr^agation,  and  a  reecivtr,  and  like  light  it 
say  he  uropagatod  in  cirvnlar  waves  around  ila  aourco,  or  con- 
fientratea  in  a  "beam."  Ita  vibrations  may  alao  be  taken  up 
by  a  resonant  aurface,  such  as  a  sound-board,  which  thon 
beoouea  a  new  aource. 
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IJJ7.  Whfattlone'$  Ipv  iUnstratea  the  pritidplee  to  be  bum« 
in  miiid.  If  »  musical  box  bo  set  pUj'ing,  its  sotuid  will  not  be 
heard  in  a  room  novoral  sIoHoh  aboTc,  ov«n  if  n  small  opening 
bo  msdu  through  the  *ovciiil  Hours;  but  if  Uirongh  thwo 
oponingH  thuru  jmuwcji  a  light  rod  of  ninu-wooil,  rreting  on  tlio 
box,  or  a  rcooaitiit  tabUt  on  whiL-h  tbo  bos  standH,  and  t«nninat- 
ing  nbovo  iu  a  iioiin<l-lHMn),  Uktii  iho  musio  will  bo  heard  io 
the  nppor  nxim.  The  rottemii  in,  that  air  in  actnnllf  onu  of  the 
wont  traiiHmittani  uf  aonntl,  Uiuugh  tbo  uHiinl  luoann  of  tniDS- 
niituriuii :  pinft-woud  Irautuuita  souud  muuh  ntura  frrvlvi  and 
wttli  about  uxtcen  timen  the  velodtr.  It  iit  on  tbia  principlG 
that  Uio  "  et«lh()HCu]je  "  ia  based,  and  i>nubliw  u.i  to  hear  Bounds 
ill  the  iutfrior  of  llio  body,  which  miinut  bt*  j>erc«iTed  by  the 
ear  alune. 

1158.  A  beaut  of  radiant  energy  may  be  oompared  to  the  rod 
of  Wheatatone'a  lyre,  or  to  the  cord  of  the  alriug  telephone, 
vrhioh  tranamit  a  stream  of  energy,  and  the  caaential  point  of 
radiophony  is  that,  if  the  Htream  of  energy  is  made  iniorruittent, 
the  iuteruiisaiona  correspond  to  the  suoceesive  impulsee  in  the 
rod  or  cord,  and  1  hat  auob  inipulsea.  falling  upon  a  surface,  may 
axcite  Huch  muiuL-aTAiy  expausiona  and  cotittactiona  aa  will 
generate  eouud- waves,  juat  aa  though  the  retmltiuK  molecular 
uodulationa  wore  caused  by  an  actual  vibration.  Thin  effect  ie 
in  fact  identical  with  that  considered  aa  oocuring  in  the  tele- 
pbono,  S  III}. 

l};9.  The  timjilrM  inttrrvpter  ia  a  metal  disc  motinted  o&  an 
Kxis,  and  with  a  nntnlwr  of  equidistant  holes  formed  near  its 
edge,  the  beam  of  light  being  oondeiisod  upon  tho  point  out  by 
the  holes  when  the  disc  is  rotated.  Now  thia  is  one  form  of 
"  siren  " ;  for  properly  tittcd,  with  a  stream  of  air  directed  on  the 
boles,  wo  proaura  a  musical  note,  varying  with  rate  of  rotation. 
Id  liko  Diamior,  if  wo  make  tbo  disc  of  iron,  and  plaoe  an  olectro- 
magnet  with  a  tdophono  in  its  circuit  on  one  mi»,  and  a 
taasnet  pule  on  the  other,  wo  have  the  mttjpttlefKan*,  which 
proauovs  the  naiuv  notes.  Wo  thus  traco  tho  oonnoction  &om 
the  rough  meuhauiud  notions  through  tho  hidden  actioas  of 
light  and  Uiaguetism,  Just  aa  in  iS  982-6  wo  trace  tho  uudogiM 
of  ware  motion  from  tho  anrfaoo  of  a  pool  to  tho  gloriee  of  the 
spootium. 

ijOo.  The  radiomeier,  when  first  invontod  b7  Ur-  Crookw. 
was  Buppouod  to  movu  by  tlie  impact  of  streams  of  radiant 
energy,  as  light ;  but  it  is  now  well  undoretood  that  the  motioB 
is  due  to  a  more  material  impact,  to  tho  anccessioD  of  Uowa 
given  by  molecules  of  the  roKuIuary  air  in  contact  either  with 
the  walls  of  the  globe,  or  oundcnsod  upon  tho  moving  Taoe* 
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, mating  Iw  "  rceoil,"  tlinu-  molM-nlrM  ntwotHnj;  tlio  cnnrgy  of 

Ibfi  nuliuit  force.      ThiM  wiiti<^  Kirtinn  in  thnt  which  in  0|>cr»t)T0 

in  rnclirijihony  proper.     Thi>  vnni^  mtato  od  th«ir  Axin  bocnuM 

.  their  tiro  nidott  lutvv  diflnrt^iit  uliiu>r]itiv«  pnwen,  khiI  thuroforu 

ere  is  hlwajH  a  tiMi'lum^y  in  Uio  rou-if.  ai^tivn  Hiiln  to  mtrcAt 

am  tb«  liuo  «f  liglit.  junt  oa  n  hori/'nitiil  wInOmill  rnUtoH  in 

rtreain  of  air  becAiiH--  lh«  vanon  on  um'  »j(k>    I'rt-neiit  ii  Out 

^•arfaoe  to  the  wind,  wbil«  tfaoee  on  ilif>  uLltor  biUu  liu  tj<lg«wiM 

toil. 

1 16 1 .  On«  of  tli«  most  ramarlnblB  experlin«nta  of  Hr.  Crookea 

Is  ttutt  of  a  ra<l>omet«r  with  van««  ooatoO  on  one  riilo  with 

tMlenhilD,  aod  on  th«  other  with  chromic  acid.     He  found  that 

lit   from   a   sperm    candle.   Rising    white  light.  repeU   Iho 

littm,  while  that  of  a  wax  candle,  with  yellower  lij;ht, 

ela  the  chrome,   iodioatin)*   the  relative  absorptive    pawera 

Fof'the  difren.>nt  substanoM  for  njs  of  diffBTOOt  refraogibili^, 

t'mtnlting  in  mechanioal  motion,  jiwt  as  the  aame  selective  power 

<^ientM  in  pbotognphy  u  ohemical  action. 

1)63.  If  a  ndiometor  diBcwemmoiiDtedonanelMticsupporL 
I  Mid  pUood  at  right  nnglc«  lii  nn  inti'mitttimtliuum.  It  would 
donbtloMily  ribrati;  to  and  fni  in  imiiion  with  a  Ntrvtchod  coi'd 
giving  a  note  cHirmxpondin^  to  thi-  inti^miiwinnji :  it  wiiiild  not 
produce  »t>unJ,  iKy-JkiiHo  Jtound  cniinut  tmrcnio  a  vacuam,  nnlcM 
the  varyinjr  ttitixiona  on  the  gla.->(i  tni^ht  result  in  sound,  hut  a 
beam  of  mflcrt^^d  light  would  tdiow  thn  motion.  Something 
anftlc^oaa  to  thin  Mvnni  in  iHrL'ct  rudiciphony,  f  t]78,  but  both 
for  order  of  diHooverv  niid  for  oonvoniitnoe  of  osplniiation  it 
iR  better  flmt  to  oiamine  tJie  indirect  action  through  the  aid  of 
electricity  l<y  mcniiH  of  seleniom. 

1 16}.  ^u.KNiuM. — Thit  snhstance,  which  is ohemioatly  of  eloae 
lcindre<)  to  iiuliibur,  mauifeeta  in  a  most  striking  degree  the 
instant  vanuttuu  of  the  ]iropertiee  of  matt«r  under  changes 
of  external  Euroee.  Like  aulphnr,  it  pBOes  into  several  different , 
states,  aocordiog  to  tbt.-  conditions  of  nmoQ :  it  nuiT  be  amorphona  ■ 
or  vitreous,  when  it  is  non-oondttcting,  and  insotnhle  in  hit^nl- 
phide  of  carboii ;  or  when  very  slowly  cook^  aft^r  fusion,  it 
osoomes  crystalline  and  conductive,  and  also  soluble ;  changes 
resembling  ihuso  of  phosphame. 

WilloDgfaby  Smith,  while  trying  Aeleitinm  for  Urge  rceistanoe 
DettSUres  in  187),  discoveml  that  this  resistanoe  was  variahlo, 
md  traced  the  variatioD  to  the  acti<iii  of  light;  ho  used  a  bar 
of  selenium  with  platinum  wires  melted  into  its  ends,  and  found 
the  roeistance  of  1400  meg-ohms  when  the  room  vos  dark, 
reduced  to  looo  when  the  gas  was  lighted. 

1 164.  It  has  now  been  aEoertaiood  that  the  ralo  of  variation 


£96  limCBLLAVBODS.  [il<^{- 

of  rpBiBtiuicv  under  light  ia  as  the  square  root  of  tlie  iiiteitaity  of 
the  light,  so  that  it  was  proposed  to  nse  selenium  in  photonietrv : 
but  unfortunately  the  pioporty  is  not  constant,  hut  ^  aries  epnn- 
Inni.'iitialy  uh  does  the  actual  resistance.  I'ruf,  W.  G.  AOanis  h&a 
toumX  u  variation  from  1,535.000  to  5950  in  12  mouths,  and  in 
anuther  niece  from  7.600.000  to  745,  without  any  use  having 
Ixicn  made  of  them  ia  the  interval.  Others  have  found  xiniilar 
tliiotuationa. 

1J65.  There  have  been  Jehateaas  to  whether  the  ftotion  is  due 
lo  light  or  to  ht-at,  really  a  (liaou§eioD  without  meaniuj;;  but  it 
would  appear  that  the  power  is  exerted  by  particular  rays  uf  the 
iipeotmn>,  as  indeed  is  almost  universally  the  case  with  radiant 
energy.  The  moat  aotivo  rays  are  those  found  on  the  gieeu  aide 
of  the  yellow  rays ;  but  some  experimenterB  have  also  found  ait 
active  legioii  in  the  uUrn  red  or  dark  rays,  and  when  a  ray  of 
suuli^lit  ia  interccpte<l  hy  a  sheet  of  ebonite,  an  invisible  beam 
paaseM  which  may  be  condensed  upon  the  selenium  cell;  if  a 
perforated  wheel  now  rem! ore  the  bram  intermittent,  the 
appai-alus  f^ivea  oitt  the  musical  note  in  the  telephone. 

But  tempernture,  as  distinct  from  radiant  enorgj',  acts  dif- 
ferently mill  appiirentiv  :iot  alike  in  all  saninlcn.  tjonie  lind 
ronvbinoc  iiiuruiuw  witli  hirut  and  ttomd  Iiiid  it  decrease,  and 
there  in  n-iuHm  to  believe  that  each  Hiiuipk*  Inu  u  "  oritiool 
point"  at  which  &  reveraal  oocurs,  just  aa  in  the rmu-eloc trio 
act!  OUR. 

1166.  There  appear  to  bo  several  dislinct  actions:  (i)  light 
produceaa  gradual  reduction  of  resistance,  which  gradually  falls 
ou  withdrawal  of  light ;  ^3)  there  ia  an  instant  decrease  and  as 
instant  a  recovery.  Uic«e  being  the  aciions  utilised. 

There  are  difTerent  opinions  as  to  the  cause  of  these  change*. 

(1)  Dr.  Moser  claims  that  there  is  not  n  true  union  between 
the  metal  and  selenium  or  selonido,  but  only  a  miorophonio 
contact  niodiljcd  by  expannon  and  contraction. 

(3)  tiieniena  considers  that  boeidoB  the  two  allotropic  forma, 
$  t}43.  amoTpKous  and  crystalline,  that  there  ia  n  third,  metatlie. 
He  round  that  at  80°  0.  one  change  occurs  eccompauicd  with  a 
loss  of  latent  heat  or  energy,  and  another  nt  300°  C  attended 
with  a  further  Iobh,  but  that  only  a  mnalt  part  of  the  ma«t  can 
undergo  this  changr^,  which  is  alno  very  unBtablo.  Ue  ntlTibuuM 
the  action  to  this  last  change  uocurring  among  the  BUporlicial 
molecuIcB  under  the  action  of  light. 

IJ67.  Light 'jenfrntrr  an  E  M  F  in  tflenium  ;  this  ban  been  nntod 
hv  several  ohscrvere.  hut  numl  fully  "tudied  by  Fritflu,  S  '  no- 
lle found  that  platinised  glnsa  niodii  the  lioat  olectrodcn.  and  is 
'ransparent  to  all  the  rayn  of  the  Npiictnini.     The  selenium  was 
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meltad  betmen  two  nlatSB  fixed  at  imitable  disUnoe  ajurt, 
oooled  nnder  presrare,  lieatcd  two  or  three  timei  np  to  19;°  in  k 
paraAn  bath  and  slowly  oniImI.  Tho  platinized  glass  is  that 
whioh  is  prepared  for  mirnirs  and  dfCurativo  purposes,  tha 
platinum  being  fuxcd  into  the  surraco  of  thu  (rlnss. 

An  EHF  of  Q-ii  vol t  is  sot  up  and  thu  lilm  is  found  very 
■enaitive  as  tochangD  of  rL'sintanfi^,  whioh  is  lowored  to  one- 
ninth  of  that  in  tho  dark.  'I'hc  action  is  nttrilmteil  to  chan)^ 
of  moleonlar  aggregation,  nr  allotrupy,  and  to  iwlcnidca  alwaya 
found  to  be  present. 

1168.  SeUnium  celU,  aa  tho  receiving  apparatus  are  called,  are 
mue  in  different  forms,  the  object  buing  to  obtain  as  low  a 
redstanoe  as  possible,  with  a  small  surface  to  receive  the  light. 
Various  inettUB  may  bo  used  sa  electrodes,  bnt  silver  will  not 
sait,  becauae  it  is  strongly  acted  on  by  seleninm,  nor  will 
alnmininin,  becanao  tho  two  will  not  unite  at  all ;  platinum  is 
nnsrally  need  as  most  permanent,  but  others  prefer  copper  or 
orasa:  later  exporimonters  find  that  aelcnides  of  oo^pur  are 
fonned  with  these,  which  increase  sensitivencBS  white  they 
introduce  elemente  of  instability. 

1369.  Mereaditr'M  early  cella  consisted  of  strips  of  metallic  foil 
with  narrower  strips  of  giaper  between  them,  wound  tightly  in 
a  apir^  and  tho  Hpaces  filUd  with  tlio  selenium  while  the  metal 
is  heated  to  the  proper  i>uiut. 

Mmreadiet't  improted  cell*  consist  of  a  double  spiial  of  platinum 
win  laid  on  fine  eniory  oloth :  this  is  laid  on  a  mass  of  heated 
metal,  and  a  rod  of  t^eleninni  rubl>e«1  on.  Cells  of  300,000 
ohma  have  remained  invariable  for  ycari'. 

For  apectrum  ozperinients  tlie  cell  must  bo  made  into  a 
narrow  atrip. 

1370.  Mr,  fVi'/M,  of  Now  York,  §  1 367,  made  cells  which  Prof. 
OitiIb  Adama  states  lowor  in  reaistanoe  to  one-half,  under  the 
influence  of  a  candle  at  one  foot  distance,  and  from  14,000  in 
the  dark  to  170  in  bright  aun light ;  another  lowered  from 
300,000  to  540. 

1371.  J»nea/mi/.— This  was  first  effected  by  prolonged  heating 
at  314°  C,  or  the  point  at  which  the  particular  sample  has  the 
most  conductivity  (the  fusing  point  is  217°  C),  and  then 
allowing  to  cuol  very  gradually'  for  many  hours,  some  passing 
current  all  the  time ;  careful  warming  is  now  found  to  be  ani- 
floient,  takinz  care  to  avoid  oxcessive  heat,  and  watching  the 
cihangos  which  occur  till  a  granular  surface  of  a  tlate  colour  Is 
produced.  A  few  minittee  suSoe  for  tho  process,  but  it  may 
need  two  or  throe  repetitious. 

137a.  Sulphide  (^  nloer  is  found  to  have  similar  propertiea,  in 
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it  b  Ud  wpca  s  ifaai  of  Mhwtw  P*?*  "^  **^  l«fiaea  of  inn,  ■ 
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1)7).  Gn«t  egptcftiiwM  ww»  ImbJ.  w»  ymnagOiCm  then  I 

aetfeaa ;  wa  war*  ni>c  to  mc  «t  ft  di»l»aM^  m  «•  b«*r  bjr  the  m 

idepfcoM.    B«t«ntlMlMdi«do«t,bMwtb0niM«MUe  ■ 

■iilliiiiMliiiM  II I  il  !■!■  niilJMil    m  iMMJktii  niiln 


aatfepitw—  WM»  Bot  St  obc«  ndJaMl ;  h  oiaslMto  wlti 
b««  Wn  atlaiMbb  is  otlwr  fidJa  tUi  ^  bMB  Bt^Mted. 
]lemdMrnFnMa,nd  SfaaUM  Bid»«]lt>  bghndu«tiu 
oslj  p«npk  whohsTscwvd  towork  at  H:  ItowwrcrH  will  eone 
to  the  franl  ■jpna  lOBie  day,  sad  oBtn  »  good  pwo^wct  now  to 
llio  {wticiit  and  cKmcct  expcrimeBlalbt,  far  ^ioM  nk*  I  htn 
thott^t  it  well  to  give  au  madt  >pwo  to  »  fvljoct  t>oi  of  Un- 
■"■^*if*  impoTtaiioc.  It  ma^  be  notad  tbot  Hr.  BidwcJl  hai 
MggMted  UM  tiM  of  Kl^'DitoB  in  catoiBatic  l)glit«««-«p:  ha 
arraofted  a  current  to  work  *  rdajwltan  Aa  light  tBtenritj  feU 
to  a  nxei  point ;  thii  actnatad  a  »witd  whid  tnnied  on  the 
electric  or  gna-ligliL 

1)74.  pHororfloirr. — Willoogbbjr  Smttfa,  baaidoa  diaoorerinff 
the  aeiticm  of  li^t  on  iwleninni,  wm  the  fint  to  "  hear  a  rayu 
annligfat  &)1  apoa  a  bar  iudndc-d  in  ihe  drcnit  of  a  t«leiAona." 
Otheni  alao  had  oonoeived  the  name  idea,  and  woro  wornng  at 
it,  Ijnt  Pruf.  Btill  in  ooujuBotlon  with  llr.  Taintar  was  theniat 
to  iicrfcct  au  ajiparataa  to  ttannait  apcoch  hy  a  ray  of  light, 
anil  Ui  rnilixo  what  be  oaU«d  "the  extraordioair a0n8atio& of 
hearing  a  b*am  of  annligbt  langfa,  cough,  and  mng.  and  talk 
with  nrtii-ulala  worda." 

Tbia  ia  eflectad  liy  produduj;  undolationii  in  tho  light 
intoDilty,  oomiqiondiiiK  to  thu  air  warca  of  wmnd.  and  by  tho 
UM  of  selenium  roodTeTs  of  low  reaistanoe,  aucb  aa  joo  ohms 
when  'laik,  rvdnood  to  150  in  the  light. 

I JJ5.  There  are  \-arirras  inodea  potiaible  for  prodnoing  a  ray  of 
varying  in(«<usity,  and  as  a  nutter  of  cnrioas  odeatific  iQtorwt, 
we  may  not«  the  auggeatian  of  |iMnDg  the  light  firat  throngb  a 
Nicol'fl  priani,  and  then  aendina;  one  of  the  polariied  lays 
through  a  gloae  tube  oontaioiog  MBnll^de  of  oarbua  or  other 
rotatory  liquid.  The  wire  from  a  telephone  being  wound  in  a 
helix  ronnd  ihe  (nbo,  the  rarying  current  oauaei]  by  speech  in 
tho  telephone  woald  vary  the  rotation  of  the  liquid,  and  thoro- 
fore  also  the  quantity  of  light  paaaing.    In  this  way  a  Bolation 


^m 


i 


''J79-] 


RARIOPJIOMT. 


«01 


I 


of  sugar  tiiight  he  nindo  to  report  upon  iU  own  iwcdiarine  value 
by  the  Htrcng^th  of  a  not«  paMod  into  thu  8onotn«t«r. 

IJ76.  The  timplett  trawmitter  consiKtit  of  a  piano  miirof  of 
flttxiblo  material,  microBCopP  gluM  nnsivpriiig  ]iorfectly:  this 
fbmiB  the  front  of  a  chamlwr  fitted  with  n  Kp<-iiking  tolw,  in  faot 
reHombling  a  telephone  disc  with  iti  lowor  fuco  tinulo  into  a 
TCfl«ctor,  which  wonld  send  n  roflcft.Ml  bwini  of  light  throngli 
thoppnooof  thcniagnot,  A  strotig  tmiim  Df  1i);ht  i«oon<»>ntrated 
npoii  tho  niidillo  of  the  mirror,  nmi  nflt^r  refluclJon  in  received 
tipon  11  roiidi'iiser  (»nd  rondi-rcd  piinitlul.  so  an  to  lie  trniiintiitled 
to  II  ilistjint  ();irnlK)li<!  rcfli-c-tor  whioli  iioiiceiitriiteu  tlin  ravs  noon 
til"  fm:e  of  tliu  Holt:iiiiiin  receivor.  Thi-  whole  ray  rnueen  thus 
whfii  th<!  mirror  ia  cpiii-ncent,  l>ut  the  impact  iijiijii  il  of  Hoiind- 
waves  distortB  tlio  niimtr  surfaoe,  and  rendering  it  more  or  loss 
convex,  iirojHirtii-iiially  scatters  the  ri'Heoted  rayn  lii-yund  tho 
edge  of  the  condensing  k-ns,  iiud  therefore  varit-s  the  ittrrngth 
of  the  luminous  Ikmhu  trmiHinitttHl  Ui  tho  receiver. 

1J77.  Muincat  Kiundii  tuMi  1*  more  perfectly  traoamittiid  th«n 
speecli,  ftod  wiy  Ut-^ired  note  can  he  produced  by  tbu  perforated 
diao,  }  1)59-  ^uch  notes  oiin  aIro  be  oonverted  into  sig^abi  on 
the  principle  of  the  Morse  alphabet,  by  means  of  o  key.  which 
iotarpoaea  an  opaqne  screen  in  fiont  of  tho  opening  in  the  diRc 
00  as  to  produce  periods  of  sound  and  ailcnco  to  represent  the 
dot  and  dash  signals.  Whore,  as  in  war.  a  beam  of  light  might 
bon  source  of  danger,  a  dark  ray  may  W  serviooable,  §  l)Si. 

ij7e.  DiREcr  I'uoTOPHosEH, — Prof.  Ifcllolwcrved  in  his  experi- 
ment*, that  the  intermittent  l>eam  gnvo  out  ■ound«i  when  simply 
falling  upon  a  disc  of  resonnnt  material,  wiihnut  tho  aid  of 
tho  tnloplionc.  Furthor  expcriim-nt  in  oonjuuotiun  with  Prof, 
^'vndall  showed  thnt  nearly  every  nuluttanco  tried  ia  ■  thin 
diaphmgm  gave  out  nnundii ;  ultrilmting  this  to  Hudiicn  oxpan- 
iitonH  and  contractionu  dnu  to  the*  iiljHor)itIon  of  heat,  they  tried 
vajioutw  Mintuini-d  in  a  tent  tuliii  litted  with  a  hearing  tube:  it 
was  fijiitid  that  the  vajiour  of  aulphiiiiL'  ether,  which  iit  power- 
fully abdorlwnt,  gave  out  uuloe,  while  bisulphide  of  oorbou, 
which  in  il  ia-thei  luanouH,  wut  silent.  \Ve  have  here  in  fact 
sound  produced  by  molecular  vibrations,  just  as  iu  the  uaae  nf 
the  telephone,  S  i}t}. 

1379,  But  it  is  very  doubtful  whether  the  aouuds,  or  tho 
molecular  expansions  resnlting  in  sound,  are  due  to  the  lurfaca 
on  which  the  radiant  energy  is  received.  It  ia  found  that  a 
tube  containing  loosely  packed  spongy  materials,  which  havo 
no  resonant  properties,  gives  ont  toe  beat  sound,  and  also  that  a 
aorboe  which  when  quite  clean  has  little  power,  beoom« 
aonoroaswhen  smoked,  i.e.  coated  with  lauipblack,  which  ia  a 
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woll-Vnown  powerful  absorbent  of  rndmnt  cnorgj-.  It  ftppccn 
tberofure  thut  the  tnie  cnneo  of  tbe  s'ltinil  is  siniiUr  to  tliat  of 
tho  motioti  of  the  rAtliomoter;  tbnt  it  in  the  energy  tnlcL'ti  ii[i 
by  iuolei>ii1es  of  nir  in  oontnct  with  the  reooivitif;  enrfnoeM.  Am 
in  S  I  loG,  the  en>frgy  traverses  air  iUelf  witlioiit  heating  it,  bnt 
the  absorbent  oiirfAces  at  once  transfer  tbe  beat  ti.i  the  air  in 
odutsct  with  them,  and  ibie  air  instantly  has  an  impalsn  to 
motion  which  generates  a  sound  w)tv«. 

1360.  Mr.  W.  H.  Preeoe  snggeeted  this  explaoatitm,  and 
ilentonstmt«d  it  by  using  a  oua«  or  tube  containing  a  spiral  of 
fine  wire  throtigh  wbiuh  an  intermittent  cnrretit  wua  paiuted; 
thiij.  genvrnting  heat  iinpulBes.  gave  out  a  sonn'l  from  taa  tube 
iiiiuiUr  tu  thueu  produo&d  by  the  external  ray.  Piirbaps  ereu  a 
more  Mtriking  evidence  is  given  by  tlie  action  of  a  flaak  wbioh 
filled  with  dry  air  gives  no  sound  as  a  receiver,  but  does  if  filled 
with  ammouia  vapour,  which  absorbs  energy  :  a  difference  wliich 
applies  to  the  whole  range  of  gasca  and  vapours,  which  Tyndall, 
in  nis  '  Heat  as  a  Mode  of  Motion,'  has  snown  to  be  divisible 
into  absorbers  and  transmitters  of  enei^  aooordiug  to  tbe  com- 
plexity of  thoir  molecular  constitution,  the  mora  complex  being 
"  reduced  "  to  simpler  forms  by  the  act  of  reooiving  energy,  the 
fundamental  law  of  obemical  aotiona,  and  of  tbe  funotiotu  of 
vegetable  life. 

i)8i.  The  different  capacity  of  different  aiibalanoaa  for 
a1>»orbiDg  radiant  energy  as  liglit  and  beat  is  meutian<id  $  isoi, 
and  the  fact  that  tbe  lumo  suWtnnce  has  very  different  Felations 
to  rays  of  different  refrangiliility,  §§  1166  and  1191.  Thia  in 
strikingly  illustrated  by  glass,  whioli  freely  tranamita  light 
raj's,  yet  interoepts  tbe  lung-wave  beat  rays. 

ITirMti'/ifhaa  just  revere  properties:  it  is  ijuJte  opa<)Ue  to  light, 
but  in  thin  sheets  a  strong  light  may  bu  seen  through  it,  as  a 
dull  red  colour  ;  that  is,  it  transmits  the  lowL-st  of  tlie  red  mys, 
and  permits  the  ultra  red  rays  to  pass  freely.      If  a  sheet  of 
H  ebonite  l<e  held  in  tho  path  of  the  rajs  aotiug  on  a  seleniiuii 

reooiver  it  prevents  tho  production  of  sound,  licoaUHe  the  chief 
1^^  action  on  selenium  is  due  to  the  yellow  rays  which  ebonite 
^^B  rchisos  to  trausmit :  bnt  if  the  receiver  is  an  ebonite  diflc  or  any 
^^1  material  acting  by  beat,  S  t}7B,  the  interposed  ebonito  prodnoea 
^^M  little  diminntion  in  tho  fiouud.  Tho  effect  is  that  an  invisiblo 
^^M  beam  of  radiant  energy  falls  upon  tho  rocetveri  which  xaay  then 
^^m        bo  called  a  thcrmo-phone. 

^H  i)8i.  Till!:   iNDUcrD-PHONE. — When  two  spiralB  of  wire  ar« 

^H  placed  parallel  to  each  other,  but  unconneobed,  any  current  in 
^H  one  induoes  a  current  in  tho  other,  this  being  tho  bMiB  of 
^^ft       iuduotioQ  coil  action.     Tho  (]aautitativo  effects  vary  as  tiiB 
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nquaro  of  tlio  diiiUticc  of  twn  pnnilkl  ootlit,  nnd  tlio  action  ia 
groAtly  tnflnoncod  by  those  cdndition*  which  cnuw)  "  retnrda- 
tion  "  and  the  tiiimhtrr  of  brculcu  of  circuit  por  »ccnn<l.  Willonghby 
Smith  Applied  thi«  nct.ion,  nnil  pxamimid  iU  di^lails  in  »  paper 
t«ad  to  tD8  Society  of  Tolttgruph  Kn^nvent,  8th  Nov.,  i86j.  in 
whi^  a  tmotxl  oat  the  iiifliinnoo  of  diaphmginH  of  mnteriaU 
intornoHod  lMtwc«n  the  two  itpirftlx.  Thoi>nVM^t<:if  such  stTreuiiH  is 
clesmy  diiu  to  onorgv  nbHi^rbod  and  givun  utit  at  Mich  change  of 
<y)nditirm,  and  IharcfDm  vnrieii  with  Uie  rapai-ili/ ii{  tlie Huhxtanoo, 
ond  with  th(i  riitc  of  the  chnngea.  Thu  disu  uf  u  tvk'phunu  act* 
KH  im<;h  a  soriMMi  and  ftctiiiitui  thu  tolepfaono,  and  evuii  gives  out 
Aritiuds  hy  it2(t!f  when  phiceil  in  the  lines  of  furcu.  A  siiiall  Hpir*] 
traversing  the  fiico  of  11  lai^  one  nieiisnros  thu  liii<;s  of  forcv 
prooe«ding  fnim  the  differunt  pnrts. 

ij9j.  TELF.-fiioTOiiR*i-nY.— This  npparatus  for  produdng 
picturaa  or  writing  at  a  di><tuuud  is  an  application  of  Uie 
properties  of  selenium,  in  comljiuutioii  with  Uio  chemical  lele- 
t;rapb.  In  this.iw  desuribcd  §  1 '57-8,  a  «ilour«d  mirk  is  made 
at  a  distancu  when  current  ia  transmitted,  and  a  facsimile  of 
tho  original  may  be  produced  in  the  form  of  a  sorics  of  dots 
and  lin€«.  A  continuous  current  of  grratly  varied  intonrity 
would  rosnlt  in  similar  variations  in  the  intensity  of  tho  lineA 
tirodnood  ;  and  such  a  variable  current  i«  prodiioible  by  changes 
tn  tho  romstanco,  n'hich  changes  are  producible  by  light  acting 
on  selvDium. 

Hr.  Sbolford  Bidwell  made  ftn  apparattis  for  thin  parpoHo. 
The  transmittor  is  a  dark  box,  containing  at  onn  end  a  selenium 
coll  forming  pitrt  of  the  lino  circuit,  and  facing  a  small  hnhi  at 
the  other  end  ;  tlio  liox  is  mounted  on  an  axJ*;,  so  im  to  movtt  up 
and  dciwn,  ouch  upward  motion  corresponding  tu  onv  rotation 
of  the  ri-oeiving  cylinder,  and  so  to  one  line  on  tlie  drawing 
produoi-Hl.  1'ho  box  alito  moves  ndeways  at  each  alrolcn,  to 
ciirrespond  to  the  distanoo  of  tbo  lines  apart.  The  tooe  of  the 
box  iMirrcsponds  to  the  screen  of  a  magic  lantern,  and  the 
picture  to  be  transmittci]  is  tliruwn  npou  it  f^untinuonaly,  no 
that  the  pin-hole  is,  so  to  spoak,  an  eye  by  which  tho  iteleuium 
cells  looks  the  picture  over,  and  receives  the  influwiee  of  each 
part  HUOi^Bfively,  aa  it  travirses  over  tho  space  filled  by  the 
pieture.  ^Vhen  a  dark  line  is  thrown  on  the  hole,  the  resistance 
increa«et>,  while  a  white  p'>rticm  r[;dui:ett  it. 

Tho  transmitter  is  really  a  differontial  instrument:  it  receives 
tho  lino  current  at  one  terminal,  and  that  of  an  opposed  local 
battery  at  the  other,  ilie  line  being  also  oonneoted  to  the  other 

{loln  of  tlie  batteri,-,  end  reaiirtanoos  xn  arranged  that  the  local 
lattery  aelH  and  makes  a  mark  whenever  a  dark  line  ia  to  be 
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prwhiced.  and  thua  the  tmvoreirg  rtylo  piwlnwn  nitlicr  no 
nctioD  at  all.  or  coloured  linps  varying  in  drpth  or  toii«  in 
ciirrcBpoDdencyt  with  tW  aiurinnt  of  light  fnlling:  iiptm  lfa« 
Koldtiiam  cell  Trum  the  dintaDt  tmnmnittin^  illnminnlvd  piclure. 

ijS^.  Huotira'  Inticction  lt*t,AXCii. — This  iiwtnimoRt  is  baaed 
iijion  the  principles  dpucribwl,  S  515. 

(a^  It  oondiflta  of  two  straight-nide"!  ciipn  or  cylindere  of 
wimil,  or  othpr  non-metallic  enlwtAnce,  mowntoil  on  a  hoard  at 
li'ont  }  foot  apart,  and  equally  rtimovod  from  nuj  rofitallio 
iiiiiKHCR.  Kacli  cyliniler  ooiiHl.itiitiM  nti  induction  ooil,  faavioe 
two  Hpparuti;  coils  of  wiro(«aT,  oach  100  yarda  of  No.  )])  plftOM 
parallel  to  onoh  othur  on  tno  rylindur.  Two  Gorrespondittg 
uiiilti,  Doniii!otod  in  »nri(!ii,  conxtitiito  ttiu  "  primary  "  or  inducing 
syatoiii,  in  whinh  in  intruilucod  a  battory  and  any  oonvenient 
automatii!  onntaut  Imak,  Kuah  ax  a  olook,  fitted  for  the  pnrpoee, 
the  aouiid  of  which  oufrht  nut  to  Iw  beanl,  ao  that  it  ia  best  in 
auotbor  room.  Tlie  o^cr  coilit  are  arranged  with  rovera©  action 
to  nenlralizB  eucli  otlier,  and  a  telopbone  is  inserted  in  their 
circuit  wliioh  will  ri>|ircKlTiee  tlio  tiek  of  the  break  if  tboro  ia 
the  least  inoqiiality  of  itiditction  in  the  two  pairs  of  coils.  A 
miitublu  galvanomotcr  might  Iw  qsihI  to  give  viHible  instead 
of  audible  isvideiiw,  and  woitld  meofure  tne  action ;  but  the 
telepbouv  is  the  iiiuat  seimitive, 

(b)  Exaet  adjuilment  is  effteled  by  making  one  of  tha  coils 
movable,  and  fixing  it  at  auoh  a  point  aa  is  found  to  give  no 
eotmd  in  the  normal  condition,  for  wbioh  purpoao  tho  ooila  may 
be  made  on  light  reels,  sliding  on  the  oylindera,  or  the  oylindcra 
themeelves  may  have  a  screw  joint  in  tbeir  middles,  t^  wluoh  ■ 
adjustment  can  be  effected.  * 

(c)  Now,  if  any  substance  whatever  be  ineertod  in  odb 
cylinder,  if  it  has  either  inductive  or  magnetic  capacity,  it  will 
di«turb  the  equality,  and  sound  wilt  be  heard  in  thu  tttlophooei, 
varying  in  intensity  with  the  capacity  of  the  siil»tan«f.  If 
two  niASBca  of  the  »ame  substance  be  placed  in  tlio  two  cupa, 
any  diffcrpnco  in  weight  or  form  will  manifest  itmdf. 

(J)  It  is  evident  that  if  tho  principle  of  ad jnslmeut  be  carried 
further,  a  niMiin  of  induction  could  bo  prepared  giving  the 
quantitjitiru  ruIalionM. 

(c)  Tn  the  counw  of  timv  important  nsee  will  bo  found  for 
tliiH  inatniracut.  ThiiK,  it  will  at  onco  test  epurioas  coin,  for  if 
a  good  coin  bo  iilacod  in  ouo  cup  and  a  suH)>c(.'t«d  one  in  tho 
otacr,  the  telepbono  will  at  <in<'o  spoak  for  its  cbaracti^r.  Tbft 
chief  dilfiuutty  ia  tliis  great  dolicacy  of  tho  iDEtruDUsnt,  u 
difference  in  weight  will  canso  it  to  complain. 

[f)  It  was  employed  to  ooduavonr  to  discolor  tho  locality  of 
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the  bullot  ill  tho  caMo  of  l*r(»i»li)iit  Garfiold;  but  it  wan  ilmifivod 
by  the  proetmcc  «f  mctallii?  KfringH  in  thu  bed.  Uiiiioiiblitlly 
BDch  applications  will  yvt  be  miulo.  A  Hplintcr  of  motkl  in  a 
fiugor  bos  boon  di'tcivuriMl. 

1)85.  IIuoKRi'  SoKOUKTKR. — Ttiia  iH  41  Bpucinl  furm  uf  tlto 
bolMwe  B^ftpCvd  f>ir  examining  either  the  luuilnctw  uf  niiundK  or 
Hm  otpacity  of  unv  «ar  for  diiitinguitibing  sounds.  It  oouiitHts 
of  A  gntduiLt4.-d  rod  iuuuut«d  on  »  fmuio.  At  one  end  of  tberod 
is  fizod  n  o»il  A,  such  lui  junt  dewtribed  for  the  bulanoe ;  at  the 
other  and,  projeoting  beyond  the  sapport,  ia  a  smaller  ooil  B, 
coDttuniiig  1  y»rd  of  the  wire.  The  two  eoiU  are  connected  in 
BU<!h  *  way  iw  to  have  opposite,  but  of  course  unequal,  effects 
ii)ion  ■  coil  (',  similar  to  A,  and  slidiD)r  upon  the  bar.  Of  course 
relutive  neameu  will  coiupeoHate  for  differenoe  of  power  in  tho 
two  ooils,  and  the  lencth  of  the  bar  (usually  300  millimetres) 
altould  be  such  that,  when  the  moving  coil  0  is  placed  close  to 
the  BUiatl  coil  U,  the  most  sonEitivc  oar  shall  discover  no  sound 
in  a  telephono  included  in  tho  circuit  of  C,  due  to  tho  brooks 
made  in  the  circuit  of  the  two  fixed  coils  1^  a  clock  or  other 
break,  in  tho  same  wny  iik  dutioribi-d  for  tho  baliuiM. 

A  Male  of  audition  can  tliiiH  bl^  obtiiinud,  oB  an  alxolutely  deaf 
person  will  heur  nothing,  even  whtin  C  ia  fully  influenced  by  A 
by  Iwing  lir<)ught  chmo  tu  it,  and  uthors  will  liegiit  to  hear  tho 
ticking  at  diflvruut  distiuicce.  The  saile  will  alao  give  a  rango 
of  aonBitivvni-Ha,  uu  n  certain  distance  will  he  found  between 
the  [lointH  at  which  a  bound  ia  loat,  and  that  at  which  it  is  again 
poroaived. 

I  }B5.  Edison's  MiCRor*3iMerGR. — Tliia  muusureii  the  miuutwt 
ohangte  of  preaourtt,  and  tlierefore  of  heat,  of  uioialure,  and  many 
other  agfinoiea.  It  in  in  fact  the  tiunsiuitter,  S  1  {}4,  in  which 
the  vibrating  diao  ia  replaced  by  a  ro<l  of  a  bubetanoe  tu  be  ex- 
aminod.  It  ounaista  of  a  solid  iron  bed  with  two  hruckula  uist 
with,  orfitled  rigidly  to  it.  To  one  is  attached  an  ebonitv  dJac 
with  a  central  chamber  i  ihroujjh  the  middle  uf  thia  putties  u 
flat-headi;d  screw  &oed  with  a  platinum  diao  which  ruceivea 
current  from  a  binding  aorew  on  the  braekol ;  on  tlie  disc  Vita 
the  carbon  button  witd  another  platinum  electrude  ua  in  the 
liuijiiinitter,  connected  to  the  battery.  Uu  this  lieu  u  cup  tu 
riicoivo  the  end  of  a  ro<J  of  mateiial  to  be  te«tod,  the  other  end 
beiuc  supported  by  a  similar  cup  fitted  on  a  sUde  in  the  other 
braOKot.  the  [losition  of  which  can  be  adjusted  by  a  screw.  Of 
OQurae  tho  arrangement  might  be  vertical  instead  of  horizouhiL 
A  suitable  galvanometer  is  in  the  circuit,  and  the  initial  preaaurv 
is  W  n^justod  that  only  a  small  deOection  is  produced. 

A  atnp  of  fibonite  placed  between  the  oups  showa  extr«mo 


( 


wiiiiiitii'niiniiii  to  hoot  changes  which  aro  not  manifested  bj tba 
tfaeiino-pilo :  a  h«ad  hold  sotuo  inches  away  viU  give  a  defleo- 
tioD.  A  strip  of  gelatine  prodnoos  the  Baow  effect  by  absortdng 
mtHstnro  tnaa  damp  paper  3  inches  distant. 

For  extremely  tli-licnte  onservstions  the  iustniinent  is  placed 
in  one  arm  ofa  Whcatstone  bridge  and  bolanoed  by  a  resistanca. 
It  would  appMT  that  the  diffonntial  priociple  would  bft  most 
perfect ;  two  tasimet«ni  boUndng  each  other  so  as  to  DOUtraliES 
surrounding  actions,  while  tho  inflnonoo  to  be  tested  waa  eon- 
oenirat<^  njxin  ono.  Ilowerer,  th»  groat  difficulty  of  the  inatm- 
ment  i*  il«  vxtrcmv  sensitiveness.  It  ought  to  be  placed  upon 
a  porfoctly  ripd  support,  free  from  nil  Tibration. 

1)87.  Tii^jiMO-ELECTRrciTY. — Tbc  direct  ooDveisioD  of  heat 
without  the  intnriutMliury  Rlaum  boiler,  engine,  and  dynanto,  is 
a  tempting  field  for  work,  but  ao  for,  nil  known  means  aie  more 
oxpcneiro  thun  the  seemingly  rottndnbout  process,  because  the 
efficiency  of  oouvorwion  uf  energy  ij  extremely  low.  Only 
about  1  per  oont  of  tho  heat  i:i  convorted  into  electric  onar^. 
It  would  seem  probable  that  by  Mirrounding  flnos,  chimneys 
and  npoaat  shafts  of  mines  with  Hnitiiblcthermo-electio^meiils, 
a  good  dea]  of  waste  host  might  be  utilized,  or  thereTerss  piuoMts 
has  been  proposed,  to  make  stoves  tho  casing  of  which  RenentM 
electricity,  whilo  radiators  di^ue  the  unconverted  iiaat,  for  ■ 
puiposes  of  warmth.  H 

I  j89.  Hwt  is  a  vibratoiT  molecular  motion,  diffusing  enej^-  " 
in  all  diroctiona  in  equally  conduotive  mmU»T;  electricity  is 
a  molecular  motion  transmitting  energy  in  a  linear  path. 
Uost  subetanc«8  have  a  similar  conduclive  ratio  for  both,  bat 
for  ln!ut  the  conduction  is  slow,  while  for  electricity  it  is 
instantanoous.  The  relation  between  tho  two  appears  lo  be, 
that  electricity  in  its  tnnsauanoD  always  jreneraieH  h«ut,  and 
that  heat  in  its  transnuMCO  Mta  Up  an  E  31  V  wh«rn:vor  it 
oroMW  a  junction  of  two  disdmilar  molecolar  oondi lions,  tlic 
direction  and  the  degree  of  tlus  K  M  F  dependiue  on  th« 
Mpecilio  properties  and  conditiona  of  the  snbstanoes,  i  606. 

1 389.  MoUfutar  differences  ttDderlle  the  action,  for  oajr  molsmlar 
change  will  set  it  up.  Thus,  it  wiU  ooour  in  a  tiiugle  wire,  if  a 
portion  is  filed  away  so  as  to  moke  a  great  difference  in  the 
heat  capacity  of  thu  melal  iu  the  two  directions;  a  stress  upon 
a  part  id  excetts  of  the  ulaHtio  Utait,  or  bordeuing  in  tliu  cose  of 
Htc^l,  makes  the  two  |Hirta  act  like  different  metals.  Or  if  a  hot 
wire  bo  put  in  cuntuet  with  a  oald  one  of  the  same  luclal  it  is 
found  to  be  positive,  bocuuse  tho  heat  auddeuly  passes  over  la 
tho  cold  wire^ 

Two  pioooa  of  the  skom  irun  wire  will  form  a  couple  if 
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ia  muDAtixed  by  » liollx.    Even  Uift  differcnoe  ottmngo- 
fiDieat  caiuwd  by  rolUng  metal  iaU>  MhtwU  is  ufri^uliul :  ft  pioco 
cut  L  Bimpe,  one  arm  with  the  gniiD  uid  tha  other  Mrosa  it, 
ooiutitulM  a  thormo-electric  ooutile. 

139a  The  metala  which  differ  most  in  this  rej){)oc!t  hnvo 
other  important  distiuctions.  Thiia,  M.  Joubiu  hax  ehown 
(*Com»t«fl  Itendus,'  February,  1691)  thai  there  ia  a  relation  to 
molecnlar  volume:  that  metalH  ola^sify  theiuselvea  ujiuu  twg 
curves,  (1)  in  whioh  the  uumber  of  moleouleR  per  volume  is 
proportiouat  to  the  sixth  root  of  the  specific  rebalance,  theM 
Doing  magnetic  substances,  and  (3)  inversely  so  proportional, 
tliese  beiug  diama)^etic.  CurvM  very  closely  similar  are 
ived  from  [the  thermo-electric  rvlations.  showing,  as  ia  done 
'  Ity  BO  many  other  facts,  that  the  molecular  structure  of  matter 
is  the  real  cause  of  phenomena,  to  explain  which,  properties  of 
the  ether  are  so  readily  manufactured. 

1391.  The  +,  or  positive  metal  or  snbstaDoo,  is  that  whence 

I  onrrent  passes  across  the  heated  junction  within  the  sj'stom, 

i  This  coiTcspoDda  to  the  zinc  in  a  battery.      The  E  M  E'  dejKindB 

I  (1)  on  tho  Hpooittc  snbstanooB,  (2)  on  the  difforenoe  of  t<'niiKT!i- 

i(uro  at  the  two  Junctions,  taking  ai  n  type  the  simple  unit 

^•lement  of  two  wires,  say  iron  and  Gorman   nlTor  soldered 

^together  at  both  ends,  and  the  heat  applied  at  one  jnnotioD : 

intcrmoilinto  junctions  do  not  affect  the  result,   booause   th^ 

ncutmliso  osoh  other.    Thuis  either  the  iron  or  the  Oermaa 

■Uver  win  may  l>o  out  and  joined  to  a  copper  wire  forming  a 

gKlvaaomotor  cnrcuit,  without  afTooting  the  KM  F. 

1191.  The  abinliifc  niean  tcmperatttre  of  the  two  junctions 
vanes  the  E  &I  F  for  a  given  dilTereuou  of  temperature,  and 
even  its  diicotiou ;  thus,  near  )00°  C.  copper  and  iron  are 
neutral,  but  below  that  copper  is  +  to  iron,  aud  above  it  iron 
is  -f-  to  coppor.  This  change  appears  to  occur  at  a  "  critical 
point,"  at  whioh  softening  or  some  molecular  rearrangement 
.  OOOun.  The  Pettier  und  Thomson  effects  reverne  in  like  manner 
at  special  temperaturee. 

1)9 J.  The  following  figures  show  the  EMF  of  various 
Oietttls  with  k-ad  near  the  ordinary  temperaturtin,  eidcnlated  liy 
Jeiikiu  from  Malthitssen's  experiments.  Tfa<i  viilne  is  in  mioro- 
VolU  per  degree  Cent. : — 
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Under  like  circnnutuioett  Clark  obtuned  bom : 
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1394.  Some  «UojrB  are  found  most  pow^rTnl,  eajiecinlly  after 
freqiMDt  neltlngi.  ManMU  ased  *  Germao  silver  iw  -f-  metal 
oompowd  of  10  copper.  6  zioo,  aad  6  nickel,  and  for  —  motal  an 
alloy  of  13  antimooy,  ;  sine  and  ;  bismntb.  and  otUiT  alloys 
aio  naed,  bnt  it  is  ooviona  that  allora  must  be  aiibj«ct  to 
ataadj  d«teriomti«n  by  tho  beat,  and  a  breaking  dovm  of  tbrnr 
rtrmotura,  sach  as  •>ccim  s{KintaD6onsly  with  braas. 

GaUrni,  Kiitpbiilr  of  lead,  and  pgriU*.  snlphide  of  copper,  have 
boon  used  n»  mntvriabi  for  piloa,  a«  also  otiior  n<m-metatlIo  000- 
daotora. 

IJ95.  nomxm  efffrt. — If  a  win*  i»  bfintod  at  one  apot,  tho 
boat  will  <-xt(:ud  tu  vqiint  dlitlanoea  on  i»ch  sido :  if  cnrrcat  is 
paMwd  thin  tiquulity  will  Im  disturbed,  and  the  h«at  vill  extend 
turtlitT  cm  oiiu  nidd.  In  copper  the  current,  as  it  ivere,  driTca 
the  hwt  beforo  it,  in  irt^n  it  draws  tho  boat  towards  it.  Som« 
vpmk  of  this  as  the  "  specific  beat  of  electricity,"  which  they 
say  ia  -f  in  ooppor  and  —  in  iron ;  but  this  is  a  phrase  without 
moaning.  Tne  action  it««lf  scrros  to  moasnro  the  thenno- 
oleotrio  cjipiK'ity  of  n  imbstanoo,  and  bocanse  it  is  nil  in  Ivad, 
thai  moUl  w-TTiti  an  the  datum  of  comparison. 

2%a  fmantily  of  heat  carried  l>y  tho  cuTTcnt  is  proportional  to 

^tho  oumnt  ntruugth,  the  absolute  tomporature  and  a  oonatant 
for  oacl)  metal : 


Cadmimu      i'^1^  X  io~ 

Antimony     —7-081      „ 

Bismuth       ..  —  J'909      „ 

Oeruan  Silver     2*560      „ 


I  Wltll 


l]96.  PeUitr^tei. — AcurmutpasaingacroKsajanctionoftwu 
diesimilar  metals  abwrba  heat  (that  is,  coola  the  jonottons)  if  it 
nnnwin  in  the  direction  of  the  eurreul  which  heat  would  produce. 
If  it  passes  in  Iho  opjuiMte  directiiiu  it  prmlucus  heat,  in  eaooBB 
uf  that  duo  tv  tho  rcmetauoe.  There  is  an  evident  noaloey  here 
to  Lenz'a  law,  S9JO,  and  u  fuHlitT  oridenoe  of  tho  di^pon^tioe  of 
the  pheuomena  upon  motcciilat' cuudittons  and  actions. 

IJ9T-  THCKKo-ELciTaic  I'lLKS.^ — Fur  scioiitJGo  pnrpoMS  these 
are  usnally  made  of  bismnlh  and  antimony,  booaoso  thcee  give 
tho  bigbuat  EMF;  Iho  nictab  are  oast  m  small  square  rods, 
with  Inss  na  tlte  ends  for  oonnccting  together. 

In  alfoasuH  the  edges  should  bo  cararally  united  with  wdder 
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I  "Oos  Volt  or  'cocoSa  per  jtair  por  d«groo  C.  whiuli  in  Riiital>le 


•oitod  to  tho  tatnperature  to  be  used.  For  Urge  piUs,  ecpedAllj 
wlwn  high  tcmjiorataru  aro  to  ba  nsedi  n  plate  of  metal  ahould 
bo  int«rpOMd  to  act  aa  coUeotor  of  th«  heat  od  one  end,  and  an 
railintor  on  tho  otlior;  copper  ia  best,  as  a  good  conductor, 
whuni  the  hiukt  in  not  too  grviit ;  on  tho  cooling  end  it  should  be 
painN^d  with  lampblack  and  turn.  These  Gotloctini;  plates  or 
roJ«  can  bo  i;x]>oi«od  to  direct  boat  which  would  ruin  the 
«1ouio»t«,  aod  might  bo  built  into  tho  walls  for  tho  purpoaet 
indicated,  {  1387. 

Dr.  Gore  dcdoribvd  a  pile  made  of  Gonnan  silver  wiro  '  7  mia. 
and  iron  vrire  '  55  mm.  minintiMl  on  a  fminu  «ii  that  tho  ends  dipl 
on  one  aide  into  nidtud  {wrufHn,  aud  on   tho  othur  into  noQ-' 
volatilo  |ic-troltuw  or  thin  miuihitierj'-oil  contained  in  trotucho. 
He  finds  with  ^9;  paire  and  a  diflfureiioo  of  i  jo°  C.  an  E  M  P  of 
1*005  Volt  or 'cocoSa 
for  mea^uriu^  E  M  F. 

The  ombination  of  German  ailvor  and  iron,  though  not 
powerful,  ia  a  very  oonvenieut  one,  not  apt  to  gat  speedily  oat 
of  order, 

i)9S.  Claniomfijrfbexoitod  great  expeolations  some  yean  ago. 
Ho  used  iron  for  +  element  in  tho  form  of  sheet  tin  bent  into  a 
cap  with  an  inward  projection  or  dovetail.  The  —  element  wag] 
a  bar  j>)  inobca  lung,  and  j  by  t  inch  in  width,  of  two  parts^ 
antimony  and  one  of  idno ;  these  were  cost  in  a  mould  contain- 
ing a  Mhovt  iron  cup  at  each  end,  with  projections  for  uniting 
tho  purta  together.  These  wore  mounted  in  circles,  and  again 
ranguil  tr)  Mnitiible  height,  tho  whole  being  bound  together  and 
inwiiUitiHl  with  puwdered  iisVie-Blo"  and  eotuble  glaJis.  Tho  heat 
wan  applied  in  tlie  tube  tbna  formed,  with  11  proti.-oting  cylinder 
of  fire  clay,  lictween  which  and  tho  face  ot  the  eluments  tho 
lifiated  productH  weio  druwn  d<jwnwanhi  by  a  Auo. 

1199.  Nou't  jiili;  thouf^h  less  ainbitioua  than  Clamond's  ia 
mnw  ua»d  in  Germany  f^r  laboratory  [lurjKMeH,  to  replace 
liatleiiea:  it  ia  mudoof  tiermausilvur  aud  Kino  antimony,  Tho 
end  of  the  —  bar  in  cast  into  a  oup  of  braa^  or  Guimau  silver,  into 
whidi  a  German  silver  wire  eutura,  aa  also  a  prujecting  ooppor 
rod:  twunty  such  pairs  aro  arranged  in  a  horlKcmtal  circle  with 
theae  rods  pointing;  to  the  centre,  bo  as  to  receive  the  heat  of  a 
BoDaeD  burner,  which  they  carry  to  the  end  of  the  element. 
The  outer  end  of  the  bar  is  a»lderud  to  a  plato  of  oojiper  teruii- 
Dating  in  a  cylinder  vt  tlie  height  of  the  instrument,  up  which 
a  stream  of  afr  in  drawn  to  o«ul  the  outer  junctions.  The— bata 
are  about  t  ineh  by  {  inch  in  dimen«iooa.  about  '025  ohma 
resistauoi-.  and  kivo  about  -0666  Volt  EMF. 

1400.  OuUhert  pile  is  the  latest  candidate  fcr  favour:  it  ia 
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compOMil  of  tnb«8  of  pure  ni«kel.  in  which  a  small  gas-jet 
bums,  and  roilaof  an  antimony  alloy:  it  is  olaim«d  that  a  mt  of 
50  couples  ifivuH  4  Toli§  wjih  an  iDtrmal  nnfitaooe  of  ■  5  ohm, 
witli  a  cotJBnmption  of  S  cubic  foet  of  gnu  per  hoar ;  this  may  bo 
ooBudered  as  equivalent  to  a  cumot  of  4  amperes  in  an  oxteniat 
drcuit  of  '5  ohm. 

1401.  Effici^cy  0/  Thermo^ht. — If  wo  take  these  figaros  aod 
leduco  them  to  the  terms  of  cost  per  unit,  $  iioj,  wo  bavo 

J*  X  '5  =  8  Joulos  or  pmcticnlly  t  cubic  foot  of  gas  por  Watt 
our.  which  ta  1000  cubic  fMJt  por  BOT  unit,  or  a  wiut  of  3»,, 
which  is  to  bo  ooinpnix'tl  with  tbo  coat  by  Imtlcricji,  |  1 1 10. 

It  is  ist«t<.>il  by  (>sporiiiii>utvrN  thnt  llic  avoriigo  (onHumption 
of  eiu(  in  g<H'(l  tlii'inia-pilvH  in  105  cubic  feet  per  kilo-n-att  itour, 
which  in  the  BOT  unit,  vrhilu  that  of  electric  current  from 
a  giui  engine  at  11  fmrt  jwr  H.P.  hour  ami  a  ilynaina  «flioioncy 
of  85  per  cent,  would  lnj  JJ  cubic  fieL 

1401-  Thrrmo-pHea  have  tlttir  prtieltcat  tite,  tliereforo,  ns  oon* 
venient  mibtilitutvii  fur  batteries  in  private  use,  becaaso,  apart 
from  ipioMtionH  of  cotit,  they  got  rid  i>f  the  trouble  and  attention. 
An  thcrmo-piliM  nro  [irolia[ily  injured  mere  by  heating  and 
oooling  than  by  worlc,  many  might  find  it  ndvantagooiiB  to 
keep  one  constantly  in  action,  charging  nccumulntorit,  and  nso 
these  in  plucu  of  the  more  troublesoiiie  batteriett. 

Their  draicbaek  in  tlio  tendency  to  get  out  of  order  and  break 
down. 

14O}.  Their  lotn  eJU-tenci/  a*  converlert  of  energy  ■»  duo  to  tboir 
ready  dissipation  of  hout  by  oonduotiuu  in  the  uusaca  of  Uio 
metal,  no  tliut  only  a  small  projH>rtiou  of  the  heat  energy 
supplied  is  taken  up  iu  the  pileo,  as  iu  otlier  cases  of  oombustiOD, 
aua  of  thin  only  a  small  part  is  converted  iulo  eleotrio  vatrgy 
and  sent  into  the  circuit. 


1^04.  CoxsEaVATiOM  or  ELCcrrmcmr. — This  is  an  idea  set 
forla  about  ihu  Biime  time  by  l*rof.  S.  Thompson  and  M.  Lipo- 
maun,  but  nith  sumu  iliffeieiioc-s.    M.  Lippmanu  embodies  well- 


known  facts  in  a  matheutatical  formnla.  and  Prof.  Thompeon 
aajs  the  doctrine  "  teaches  that  we  can  neither  create  nor  deatioy 
electricity,  though  wo  may  alter  itadiBtiibution."  Thedootrine 
appears  to  have  no  real  meaning  at  all.  and  is  only  intelligible 
if  wo  coutiidcr  electricity  to  he  an  actual  entity  or  fluid;  in 
that  case  it  is  of  coni-so  indest  met  tile,  Ube  matter  and  energy. 
All  the  facts  connected  to  the  doctrine  are  equally  ooneistent 
with  the  oonoeption  of  electricity  as  a  molecular  action  of 
roergyt  bocaiiso  the  molecnlar  or  equivalent  oonstilution  of 
matter  is  itself  nochanged.  and  the  "  qnaulitative  "  moleonlar 
action  which  is  known  as  "  electric  quantity  "  is  alao  definite, 
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End  nort  tli«r«rore  remaia  oonstant  tiirougfli  all  the  ^aogM  of 
ralootrio  aolion, 

1405.  Elkcthic  WEi.Disa. — Thia  proocsa  vfhich  promima  to 
becomo  of  gre*t  importance  in  the  arts,  ori);inated  in  thu  ol^er- 

I  TatioQ  by  Profesfor  Klihu  Thomson  of  tho  joining  t<igotlier  of 
'  two  win  cnda  in  boiuo  of  hie  eiucrimoDta.  Thcro  nru  now  two 
modoa  in  iim  which  act  in  entirely  tlitTorent  munncni,  the  direot 
current,  and  tli«  arc,  and  each  has  its  spociiit  filnoKMO.  The 
•pooial  foatoro  of  tho  dir<><it,  tho  Thomson  pro<X'«s,  is  that  the 
bent  is  goncrat«d/rom  vi'lAin  (Ai?  mctnl,  which  i»  thoroforo  not 
linblo  to  be  biimt;  tho  heat  is  also  nn»t  utrongly  genomted  at 
the  part*  which  ftro  imporfcctly  united,  that  in,  where  it  ia  most 
wantiHl.  Tho  procom  oonKists  in  fixing  thu  twixinds  in  massive 
olainpo,  which  »ru  aiTAng«d  to  prvsn  t'lWiirdn  luich  at}i«r,  and  so 
■quooxe  thu  ntctul  togr^thor,  ns  it  Hol'tunn ;  thin  upaeU  tho  grain, 
U  the  btttcknntlhs  call  it,  and  cnnKvt  a  local  thickening,  which, 
iffaare  powiblu,  is  hnmnicrcd  donm  ti>  thi;  regular  sii-^?,  and  in 
other  oues,  tuniod  nr  tiled  dnwn. 

Tho  clamtiH  ktu  tho  t<'rminiil)t  of  tho  oonduotor  carrying  the 
cnnvut;  this  may  Ixi  a  direct  one  from  adynamo  or  eccondnry 
battery,  but  is  mora  nsiially  and  onnrvniontly  an  alt-*ri)ating 
one  from  a  tmnsformer.  The  oonraoti  are  very  largo,  but  unly 
one  or  two  volts  are  needed:  the «npires depend  on  thonatnio 
of  tho  mot*l  and  its  area:  i  inohroaiid  iron  taking  ;ccoamp6rc« 
for  40  KocoDds,  and  2  inch  20,O3o  amp^rea  for  So  seconds,  tho 
power  consnracd  being  about  7  H.P.  per  ^  inch  sfjuaro  of 
Motion.  It  is  best  to  make  the  ends  alishtly  conical,  so  a«  to 
begin  ihe  work  in  the  middle  and  mako  tho  joint  without  much 
preaaing  out  of  the  metal. 

1406.  All  tho  metals  and  alloys  can  bo  welded  with  proper 
precaiitionM  not  only  to  themaelvofl,  but  lo  others,  though  of 
oounu  the  muro  perfectly,  the  more  nearly  alike  their  Hofteniog 
point*.  Profeaior  ThoDuon  oxhihitvd  at  Parin  tn  1899,  a  bar  , 
jjtha  of  an  inch,  made  up  of  nine  mctuhi— copper,  braaa.  ireo,  i 
Germau  silver,  liriuo,  tin,  zine,  tin  and  load.  Brass  ia  oom- 
monly  joined  to  initi,  and  even  cast-iron  can  be  welded.  The 
strengtlis  of  the  welds  are  found  to  be  over  90  per  cent,  of  that 
of  the  melul  ham. 

1407.  This  proceas  is  not  readily  applicable  to  closed  objects, 
r       e*  tho  current  would  pass  tho  other  way  rcrnud,  though  it  is 

^H  possiblo  that  this  may  be  got  over  with  alteniating  currents  by 
^B  "choking'"  this  other  cirouit,  by  means  of  indii<  tanco.  But 
^H  links  of  (dttins  have  been  made,  and  could  easily  be  mado,  with 
^H  two  joints  butted  together,  instead  of  one  weld  as  usual,  and 
^H  poMibly  cylinden  for  steam  boilers  might  be  similarly  made. 
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1408.  Auc  Welwm. — Thin  WA«  introduoMl  W  Dr.  BothhivIo, 
who  GonnocUd  tbo  two  miriitcM  of  the  nivtat  to  tlio  —  oondnotor 
of  k  BnooodATy  b*t.tpTj,  And  no  kro  carlxm  to  tfao  +  tonoinal : 
ths  ohj«ct  n  to  avoid  tho  burning  of  tbo  metal  which  vt  «n> 
velopcd  in  tho  citrbon  viiponr.  Tiiic  prooeat  ia,  of  ocninw,  prao- 
tiodljr  idcntiMl  with  the  wtM  known  proc«M  of  "  Wd  Iniming," 
the  biMt  tnvctliag  nlung  the  lino  of  juuotiou.  and  if  neonu—ry, 
frmgmcfits  of  tho  metal  work<^  intu  iho  o|)6Diiigs.  This  lina  tbo 
great  ad  viuitage  ofeniljling  >e]]ain  tu  bu  <>tret.'l(.tl  to  innchinerf, 
ftc,  in  tihi  in  mnny  cutm.  It  b,  however,  doubtful  wirotiivr 
iho  mciU)  is  of  perfect  qualitj,  the  boat  beiuK«xterDallf  applied 
and  notadjuHting  itttolf  apoutaiiiioualy  to  the  Tsqnirements  us  in 
tbo  other  auK. 

Memn.  Llogd  if  Ut-yif,  i-f  Halevowen,  haveap[4i6dtIii<prooa» 
larvdy  in  m^itig  weldeil  |>i[>eB,  but  they  nvene  the  dircctica^ 
of  uieoiumat mentioned,  fiudtiigtliat  with  tho  inm  ta  +  Ion 
arcB are ol>t«inable.  Thejalaousothearc toreplaoethecheer 
and  chipping  procoeses,  and  cut  iron  into  uuy  desired  shape,  the 
arc  molting  out  a  Hue  of  luetal  at  a  quick  rate,  and  aervinj;  many 
other  pnrpoaea  tn  more  advaiiUi;e  tliaa  fire  he«t:  they  foUovr 
tho  are  up  with  tlto  hammer  (Bomeiimes  electiioalty  worked)^ 
aa  the  melal  simply  run  tof-otbcr  is  crystalline.  They  use 
largo  secondary  batterim  of  the  Plants  type,  as  tbeae  stand 
su<lden  calls  for  large  corront  delivery  better  titan  the  paated 
cells. 

I40>  Thb  Hertz  Badijltioxs. — ^Tbeee  have  played  a  great 
part  in  recent  theoretical  dieenasions.  and  thoni-h  epaoe  will 
permit  only  a  slight  description,  this  may  assist  readers  in 
getting  some  clear  ideas  about  vhat  is  usually  baried  in 
mathematical  Tormnlte  and  pure  hypotheses.  To  get  away 
from  tbe«e  it  is  abeolntely  necoesarv  to  fix  the  mind  u^ou  eaeh 
••parato  j>oin(  la  torn,  S  1414. 

1410.  Tho  apparatus  oonststs  of  two  parts,  1  tho  eourc^,  the 
vibrator  or  oacdiator,  j  iho  receiver  or  resonator,  and  it  should 
be  realixed  that  this  laat  namo  tumnut  the  explanation  of  the 
aotlon.  Ihe  »ovr<x  or  oscillator  is  a  condenser,  or  circuit 
having  iiidtiatniici',  and  an  opciiinK  or  "sparit  gap":  the  true 
souroe  in,  tiovcfvur,  an  induclion  coil  sonding  suocomive  ohargea 
into  the  condenser,  and  thla  latter,  by  "surging,"  oonvena 
each  coil  spark  or  oharec  into  a  snocceaion  of  to  and  tiro 
osoillations,  the  rate  of  which  doiiends  on  the  capacity  of  tho 
oondonaor,  H  $14  and  916:  each  oscillation  thorofore  impUee  a 
to  and  Iro  sway  of  the  di-oleotrio,  i.o.  undulation  in  its  sab- 
atanoe. 

1411.  Tho  reeooator  is  of  varivd  form;  it  wee  at  first  a 
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circl*  of  win  with  a  xpitrk  gnp,  bill  in  usually  &  condoiisor, 
eonawting,  like  tho  vibnibir,  »i  two  moUUiv  Hnrface«  hftnging 
in  tho  Muno  plnno,  tlio  two  piun  fiidiig  each  other,  $  ;tJ. 
Whulcror  tho  form,  il  w  nccewwry  thnt  tho  two  Apnaratnti 
■linald  bo  tunixl  tosvttior;  in  othwr  wordi^  t!io^  Hhonld  ban 
eqaal  ai]uoitiuH,  bikT,  whore  wires  u«  involvcil,  tboir  Icngtlw, 
&o.,  mnnt  bo  rvlutod  tu  esoli  other,  luitl  to  tho  mto  of  vibration 
■et  up. 

1411.  Dr.  0.  Lodgu's  &j>parH(im  is  on  tha  name  principles. 
Ho  hmw  two  aimilsr  Lc^ydc-n  jara  with  nimilitr  wim  circuits  to 
each.  I,  Tho  "  oooillalor,"  ia  <xiaTiM:t»l  to  tliu  cuil  itnd  u  wiru 
circuit  from  thu  uutvr  coating  to  a  "  H]iirk-gup  "  at  tho  kiiob  of 
the  inner  coating :  3,  tb«  "  n«oiiiit<ir  '  in  »  jar  of  the  aauio  taao% 
fitted  with  a  wire  drouit  of  two  w'ikh,  with  a,  cross  wire  whidi 
oaa  be  luovod  about  iu  unler  to  "  tuuu  "  tho  cimuits,  or  lu  other 
words,  to  «quali£e  ihi-tr  conditiona :  whou  thtia  timed,  and  then 
only,  aparlcs  in  the  aetondarji  „t  induced  circuit  uucompany 
those  at  the  pnmarif  jar. 

tdij.  AJl  tJiesi^  arraugemeuts.  what«T('r  luay  be  the  case  as 
tii  tho  reeutb),  are  purely  our  uld  woll  kuown  appnratna  for 
induutiun.  and  this  is  clearly  shown  in  tho  Utost  form  of  ap- 
luiintan  iihod  iu  tho  most  recent  and  intorrating  resMirchee  of 
Jl.  Itloiiitl'it.  Ho  iisn  a  vibrator  consisting  of  two  semicironlar 
wira,  with  n  s]iitrk-pn]>  at  th«  points  oonnoctod  to  the  coil,  and 
ft  pair  of  (K>ndciiscr  jiIhU'-s  oonnooted  to  the  ends  at  tbu  other 
aloe  of  iho  cirolp,  th(«u  plates  being  movable  in  order  to  vary 
the  oapaoity  :  tho  ri;»unator  is  a  circle  of  wire  laid  near  to  and 
panllt'l  to  the  vibrator,  but  oiHincd  at  tho  ]>oint  over  tho 
primaiy  aiiark  gaii,  and  cxteiidiHl  there  into  two  U^ng  parallel 
wires,  with  a  xhiftiiiK  bridg<s  jiiitt  as  in  that  of  Dr.  Lodge.  By 
Ibis  meaoH  the  Kooulled  "  rut«  of  undulation  "  oau  be  uieaaured, 
or  in  other  worda,  the  rate  of  propagation  iu  tlie  wit>»,  not  0/ 
•lacfric  uinMaliuna  as  ts  oaserteil,  but  of  the  succeaaire  impatsea 
imparted  to  the  molecuh^  of  tho  circuit. 

1414.  Here  w('  uiay  sue  the  ituportauoe  of  itolatimj  each  fad, 
{  140) ;  weare  dealiiij^  with  a  seriesof  phenumtin^a  auooewion 
of  4-  aud  —  impulses :  we  call  this  an  alternating  current  in 
■oniecotK-s,  hut  when  we  go  duwn  to  the  fouoilatton  at  fact,  wo 
find  that  we  are  dealing  with  merely  the  couditioua  of  the 
oomueDcing  and  ending  of  succeaaive  currents  of  infinitedmal 
dnration ;  it  is  estimated  that  the  period  of  the  Kertz  undu- 
lations ia  :nnr«'<nnt<r^'^  '^^  *  second :  none  the  leas,  each  is  really 
a  atrrmt ;  the  facts  of  each  separate  undulation  are  those  of 
{  496  and  Fig.  ;^. 

1415.  The  ocUon  at   the  vibrator  is  called  a  "radiation" 
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ttansmittcd  acrc«s  npaoo,  ns  vtUh  light,  to  tb«  cwcilUtor.  But 
what  is  meant  by  this  word  "  raiUntion  "  ?  Is  whnt  happens 
thoro  diBbront  hota  vrhxt  hnpjNms  in  uvory  oondtniAoT?  Ia  it 
not,  first.  Uio  production  of  litit*  of  forco — not  from  ribrafor  to 
<>«inllatvr — but  between  the  two  pUtea  of  Iho  vibmtor  it«olf.  a 
condition  of  "  charoo  "  of  tbo  primary  conduusor  ? 

That  is  the  finit  foot  to  bo  isolated,  in  socordMioo  with  nil  ottr 
knowledee.  The  action  onitatui  Kp<m,  and  it  may  bo  taken  as 
pn>red  that  it  doeii  m>,  as  it  also  tnivemos  wirt«,  §  tjo,  at  the 
speed  of  light:  it  way  bo  by  the  ctbor  or  by  air,  it  docs  not 
concuin  UK  now ;  wi;  want  to  undenitaiid  now  what  "  radiation  " 
luoane.  Wv  know  hciw  tlio  radiation  nf  the  light  of  tlto  spark 
CT0iM«  that  sjiuoe ;  it  tnin-ls  irutivanls  in  all  dirootioDB  in 
straight  linvK.  Wv  know  that  tbo  two  plates  of  the  condenser 
aie  in  diffi-reut  (.-Icutriu  oonditiontt, -f  and  —  :  in  tlio  radiation 
twofold?  and  if  tu>,  what  ki-opii  tlio  two  from  joining?  Is  it  a 
singlu  (jiiuUty,  a  eoiniueuoiug  umlulalion  punily,  Much  an  light 
ocrtainty  ia?  if  ho,  wliut  is  the  relative  function  of,  andncod  for 
tho  two  vondeuM-r  plates''  Let  us  mxk  the  auitwer  in  known 
ftots. 

1416.  ThisimpnlKO  is  nierolvthocommonoomvnt  of  a  current, 
S  1414:  what  would  happen  if  tbo  oiiTTont  wore  continnod?  the 
iiDmcxliatf:  extennun  into  spauu,  not  of  rays  /rom  the  plates, 
hutof  curved  Hues  betwotin  the  platiw:  the  case  ia  studied  j  133, 
Fig.  14,  and  is  strictly  analogous  to  thu  setting  up  of  tho  mag- 
netiofi<.'ld,§  954,  Fig.  77.  We  mayauy,  howovcr,  that  it  is  ra^ 
to  couoeiv«a  sustained  streesspi^wling  outwards  into  sn<ico,nnd 
yet  aak  wliat  oauaoa  a  stress,  whioh  has  consL-d,  to  oontinne  rtill 
to  travel  onwHrd.4.  why  do  tbe  Hues  expand,  and  so  rcaob  the 
DSoiUator?  In  it  a  fact  that  they  do  eu  be/ore  the  ttreu ecatoif 
The  action  tra%t'lH  many  fi-et.  a  good  deal  further  tlian  expori- 
lueot  hiuj  tvntud  in  the  period  of  an  oaoillatiuu.  But  there  are 
other  espUriatioris  to  be  considered. 

1417.  Wlreu  we  throw  the  stone  into  the  pond,  $  1 165,  we  m6 
an  expanding  circular  wav^  formed,  which  we  uiisht  oompars 
to  the  expanding  curved  ]iii«  of  forco;  we  should  be  wrong, 
because  the  conlinuoua  circular  wave  ia  not  a  reality,  there  is  no 
relation  between  its  parts ;  the  true  action  here  is  radial,  tho 
apparent  ciicle  only  results  from  the  radial  indepeudentaolious 
being  equal  at  all  parte,  beoause  in  ono  medium.  But  we  know 
that  an  electrical  impulse  can  and  does  travel  after  ihe  im- 
pressed  force  coohcs:  it  does  so  in  cables,  S  ^06:  is  there  any 
i*eas<in  tosuppoM  a  line  of  force  can  eimilairly  travel  onwards, 
as  tbo  water  wave  appears  to  do?  is  there  auytbing  to  replace 
the  radial  impulso  of  the  stone?      We  can  find   this  In  the 
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eIrcaUr  maf^«tii>  field  wliicli  BnnoHods  erery  electric  line  of 
^  force;  we  might  find  it  in  thattnowMiAni  whieb  mustacoompany 
eleotrio  proi>aKation  if  it  is  connected  wiih  molefjuUr  motion. 
But  tbia  would  take  too  much  §pace  to  follow  up;  hero  it  is 
eooogb  to  show  that  the  doctrine  of  propagation  by  radiaUoa  i* 
•  mere  hypothesis  and  is  not  neoeasary,  while  opposed  to  the 
known  facts  of  electricity. 

1416.  The  point  of  moment  here  is  tliat  the  lUitual  fnots,  the 
eoipori mental  results  rclato  wh<illy  to  the  pnipngiitioii  of  a 
dictiirbanoe  artificinlly  produowi,  to  a  motion  w]iii;h  in  of  n<MX«> 
sily  undnlatory  in  form,  bocann  it  is  rythmitially  gom-Tuted 
from  sti(!cc!Mv<!  divtiiict  impiilaes.  The  hyputli<.-ti<:ul  (^xpIiLna- 
tioDH  are  applied  iintirL-ly  t»  tliu  nature  of  the  tr&tiHiniiunoii  of 
eleotrio  action  itflclf,  wttli  which  the  oxjieiiriieiite  have  no  more 
to  du  than  tli<!  mechanically  Hot  up  uudiitatioiia  in  a  rope  have 
to  do  with  the  nature  of  the  uervoun  jiovrur  which  origiuaied  the 
impulses,  §  887. 

14(9.  The  real  interest  of  the  Hertz  experiments  !tt  in  hie  dis- 
oorery  that  the  impnlseti  conld  be  teflvcted  and  refracted,  as 
light  and  fiotind  can,  and  trnri'l  in  planes  which  permit  their 
polarisation,  a  oircumstance  which  in  itself  shows  tiiat  they  are 
not  rHjs,  but  lines  which  can  pass  through  wire  screens  when 
parallel  to  them,  while  thoy  arc  stuppod  if  they  cross,  lie 
■bowed  that  the  undulations  travelling  outwards,  can  traverse 
Don^wnduoton,  but  when  falling  upon  a  metal  sheet  are 
ftfleoted,  end  thou  act  just  like  the  water  wave  when  it  rcaobw 
tboedgeof  the  jKind  and  retums  n]>on  itself:  in  this  way  ho 
waa  able  U>  lucnte  points  of  intersection,  nodes,  fixed  plact;s  <if 
maximum  and  minimum  uutiou,  whoru  the  resonator  would 
act  or  cease  to  act,  iunt  Vikv  thu  croiHiuf;  of  the  wavea  in  water ; 
but  they  differ  in  ttiid  ri-npij^ct,  that  these  so  called  electric  wanet 
have  no  esititvnce :  ouo  eleolrio  iinpnlse  oomplete  in  itself, 
i  1414,  movinf*  outwards  and  being  reneoted,  meets  an  altogether 
newly  on^inuted  eleotric  impulse  which  in  this  kind  of  experi- 
ment is  rythmic,  and  produces  apparent  wares  aiinply  beomee 
the  molecnlar  impulses,  while  euch  independent,  are  made — 
mechanically,  to  follow  each  other  at  regular  intervals. 

1430.  KLKcTRO-MAOKEnc  Bepulsion. — Somo  of  the  pheuomenn 
of  alternating  ciuTGute  and  their  magnetic  fields,  whioh  are  of 
forest  interest  and  probable  future  practical  value,  were  brmKht 
into  notice  by  Frofcssor  Elihu  TUomHOu,  and  a  full  acoouut  in 
given  in  a  paper  read  to  the  Society  of  Arts  by  I'rofessor  Fleming, 
14th  May,  1S90.  The  most  striking  expenmeuts  show  an  ap- 
IMivnt  repulsion  hy  which  raassee  of  copper  are  kept  floating  m 
the  air,  but  which  is  the  result  of  the  mter-actioo  of  eleotrio 
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cnirrents.  Tiins  ti  copjicr  ring  will  rise  nhove  lite  mngnet,  and 
remftio  there,  held  ilown  by  cimls.  A  still  moie  striking  illuK- 
tration,  more  en^ily  slmwn  l>y  ordinary  applinticos.  consists  of  a 
coil  of  inenliited  wiro  attached  to  uu  iiiLiindcscent  lamp  and 
placed  in  n  glitss  ve^el  contiiintng  watvr,  and  standing  itver  the 
inagnotio  pule:  current  induced  in  the  coil  iuanifo»tH  its<;lf  in 
two  ways;  I,  it  lights  thu  tamp;  2,  thclnuip  and  coil,  if  weight 
uiid  force  arc  adjusted,  rise  and  float  in  the  water. 

1421.  The  force  generated  im  iirojiortional  lo  the  mean  aquaro 
of  the  cnrreiit,  8  45  r,  that  is,  to  tlic  current  energy :  hut  tliO 
effect  dtipeuds  uiniii  th«  cuiiductauoo  of  the  induced  auhstHnce: 
thus  it  can  he  weighed  hy  discs  of  different  metals  of  er|iml  size 
and  thickness  suspended  lo  a  baiatioe  over  the  pole,  wheu  the 
result  is  proportioned  to  the  oouductivitiee  of  the  different  metaU, 
HO  that  this  action  would  at  ouoe  dixttngnish  a  silver  cnin  from 
a  bad  one.  Also  a  radial  cut  in  the  disu  or  uon-coui|)l'-lion  of 
circuit  in  a  wire  prevents  the  effect,  us  doeu  the  interposition  of 
a  metallic  screen. 

Itotalion  is  prodnced  in  pivoted  discs  when  a  condnctor  is 
partly  inlcrpcMcd  between  lliom  and  tlie  polo  so  as  to  intorcvpt 
part  of  the  linea  of  force  and  ecrt  up  dtflbrential  at  traction  i>. 

14^2.  There  )«  no  real  ivpttUon ;  theappiiront  repellent  action 
ie  like  oth^ra  which  have  been  studiea,  n  dilforeutinl  relatioa 
between  two  ojiposijig  fields.  Tliese  phenomena  uro  indeed  tho 
long  known  actions  of  electro- maguetism,  the  slow  falling  of  a 
metal  disc  rotating  in  a  field,  but  modified  by  the  rapid 
TevereaJs  of  the  field  and  current :  we  have  the  eflects,  not  of 
coDtinaouB  current,  but  those  of  beginning  and  ending  currents, 
uin  g  1414. 

1433.  When  a  closed  rinf;  of  wire  is  held  in  face  of  au  electjtj- 
mngnct  polo,  with  the  turn*  paiallel  in  both,  it  is  subject  to 
two  actions:  i,  the  induction  of  the  primary,  or  lu a g net  coils, 
acting  upon  it  ae  a  secondary  circnit ;  1,  the  lines  of  force  of  the 
BMgnet  trnvcTBc  tbo  coil  and  act  on  its  wire,  just  as  a  bar- 
iasgn«t  entering  them  would.  Both  actions  lend  to  set  up  a 
nomentupr  current  opposed  to  that  of  the  electro-ma(!>net. 
which  ii<  in  fact  nn  opposing  E  M  F  to  the  E  M  F  or  indnotive 
force  of  the  primary,  S  950  ;  as  these  conflict  there  is  an  appar- 
ent rfpultKia,  the  coil  would,  if  free,  give  a  swing  from  the  pole 
ontwurdii,  hs  though  it  followed  the  stream  of  energy  issaing 
from  tile  TOagrict.  At  break  of  circuit  the  reversu  action  occurs : 
the  induced  coil  is  ihns  subject  to  alternate  impulses,  and  if 
the  "  frenuenoy  "  of  theise  ioipulEc^  were  adjusted  to  the  "  time 
of  awing"  of  the  ooiJ,  regarded  as  a  pcndidom,  a  regular  and 
growing  rJliration  would  be  set  up. 


t4>8.]  tesla's  expsiuhehts.  til? 

I4J4.  lint  cnunc  and  affect  OMi  never  bo  sjoickrdnoui :  th« 
caiiHu  niuxt  jumrdt.'  th«  effect :  beooo  the  Indudns  B  U  F  rise* 
MHnewbnl  in  kdvanco  of  the  nirv<i  of  the  iuduosd  oirrcnt  act 
ns,  or  OH  it  is  more  commonly  Ht«li!(1,  tliu  ouirvnt  htijn  bvliind 
u«  EM  F;  thrir  tJuur»,  thu  cietU  of  their  wftvon  dilfer.  But 
the  TMult  iM  tlmt  Uu:  induced  ciirront  of  one  iuipuJue  xomewbat 
overlapa  tbe  next  induoing  impnW  of  the  primary,  ftud  the 
affect  of  (his  is  to  dimini>h  Uie  iwriud  of  tho  attrootuiK  Actions, 
*nd  [iniloii^  thoM  of  the  opjiotiitig  Kiies,  and  thu^  to  cfaaa^e  the 
to  and  rroHniiig  intoftounetutt,  or  rather  a  prevailing  tendency 
outw&rda  from  the  magnet — apparent  repulsion. 

14J5.  Tlie  effect  of  Jiiterpotiitif;  a  mi-tallio  scieen  is  tbns 
oomprehcusiVIe:  it  al«orba  the  inducing  eaergj  in  itself; 
oorreiits  funu  in  it,  and  rapidly  beat  it:  it  in  fact  plays  eiaotly 
tbe  part  of  the  Hli'ling  tube  tn  the  coil,  S  n||0. 

1426.  TlsLi's  ExrERli[CNT8. — The  Bpeciabty  of  thoee.  M  dif- 
forine  from  the  familiar  induction  coil  experiments,  is  beet 
dencnbed  in  bis  own  words  ('Journal  of  the  Institutiuu  of 
Electrical  Engineers.' April  1B9]):  *' We  opomte  the  ooil  cither 
from  h  Bpeciaily  oonntmcti^d  nlti^rnator  rnpable  of  giving  many 
tliuuMUKM  of  rvvonuiUof  nirr«>iit  per  m^cond;  or  by  disrupt ivety 
OiMharginK  a  ccndenwr  through  tbe  primary,  we  set  up  a 
Tibratlen  lu  thv  •cci.iiidiiry  circuit  uf  a  fretjnenoy  of  muny 
hiuidrecl  thoiiumda  »r  mlllinnti  jicr  nccund."  Jnsl«ad  of  a  direct 
current  intermpted  at  moot  n  few  hundred  timcM  a  second  by 
the  l>reuk,  yrn  lutre  alternating  ourrento  cither  pn>ducod  very 
rapidly  or  set  nil  by  "owilbitions,"  S  :4:o. 

1437.  Instead  of  tbe  ordinary  light niu];-t ike  dischari^  of  the 
OoU  or  uacliiue  sjiark,  a  prolonged  brush  discharge  is  obtained, 
filling  the  space  between  two  parallel  wires  forming  the 
terminala. 

When  two  such  6110  wir»,  mnny  feet  long.are  employed,  very 
tDterestin^  effects  are  ]>roduct'd :  they  can  be  usrd  separately ; 
U,  Tcsla  distributed  them  each  upon  a  frame,  so  an  to  build  up 
the  words  William  —  Tbonison,  when  the  two  wore  ilbiraioatod, 
to  alt  appearance  independently  of  each  other;  there  are  in  fact 
nany  exporimenis  which  opjitar  to  indicate  the  Hoporato  mani- 
festation  of -|-  and  —  conditiuns.  But  wo  may  be  euro  that  this 
is  only  apparent,  n  connection  across  the  intervening  space  does 
eiist,  and  it  Ixcomes  manife«twhen  the  twowii-enare  stretobod 
out  puratb  1  and  near  to  each  other :  then  they  glow  in  their 
whole  length  with  m.inifest  action  on  tho  inttTvi-ninR  space, 
and  with  evidence  of  tho  separate  actions  of  each  impnUo.  pro* 
dueJuji  waves  in  tliv  wires  as  in  5  I4t}> 

1419.  In  somo  partially  oKhausted  bulbs,  with  one  terminal 
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attncliocl,  *  rotating  liruHli  iltHctiiirKu  w  set  uit,  irbidi  U  wroiid«r- 
fullv«'.'iiKitiv<:  tu  uiiigia-tiHrn,  tbc  ilin^^lioti  uf  lOtstiou  twinff  duo 
to  ttiu  liuoa  of  tliu  I'lirth'A  (it-lil.  mid  tliu  outiiift  of  r(i(4tti>iii  lUiolf 
Ixiing  that  uii[)laiiitHl.  %  ■4i4<  il  ilifTL'Tuiitiatiou  iu  tliu  durtitiou  or 
ftruiigth  i>f  thf  ulturuate  iiu)>i:!Ht:iii ;  thu  hnitiii  rutatiDg  for  cotutea 
siuiilur  to  tliuM  wliicb  cauw:  (I'ihuh  to  du  ao  in  the  murnfllio 
field. 

1419.  Muuy  intcrcsliug  ex  peri  mo  tits  wore  made  comtmung 
Orooku's  vaoua  and  pliosjibdrescviit  biillis  wiiU  tlieao  t-ltactrio 
actioikd,  bU  of  wbioh  f^Uy  couBrm  tbefalatemeutauf  S  iiBi,  that 
tlie  iigbt  giving  vibraiiuua  are  not  "  oleotrio  uDciulations."  but 
uioleoular  or  atumic  vibratioM  m  master,  tbe  mcchaoioal  results 
of  the  eleutric  dieturbanoes.  Aud  tbia  is  tbo  leacbing  of  every 
fact  iu  electricity.  Uiat  it  ia  a  fuDotiuD  of  matter,  of  matter  under 
Btreisee,  diatributing  euergj-. 

14J0.  SwisBciiKt'a  hiijh  teitnon  expmmettta  at  thi>  Crystal 
Fabtoe  bave  a  8f>eclal  iutercet,  in  tbat,  working  irith  ijOiOOO 
volts,  tbe  apparatus  was  of  tbo  oidinary  commercial  trpe.  The 
3000  volta  of  a  Mordey  attoniator  wore  transformoa  down  to 
ijo  volta,  at  wbicb  tJifi  manipulationB  were  eaeily  and  comfort- 
ably mauajfed.  Hi^dgeliog  trans  fur  in  era  iu  oil  iiiaulatiou,  i  1  i£o, 
tbeu  rai>«a  tbo  voltage  to  tbo  desired  point. 

Vacuum  lubes,  witb  no  cloaed  circuit,  but  hangiug  from  a 
wire  over  a  Bb<?ol  of  tin-fuit,  aoting  as  a  rondouser,  wore 
iUuminatod  as  in  S  1 1S2.  A  space  of  6  iacbos  bctn-pon  two  fine 
wirea  was  traroracd  by  tlio  aparka :  wbeu  an  arc  una  formed 
between  two  copper  boiniapheroa  of  4  incb  diamctvr,  it  mao  in  a 
carve. 

OlasB  platea  were  pierced,  and  the  usual  claeeificiition  of  in* 
Bulatora  abown  to  be  only  oomparativo  by  the  uscof  aUto  jicticils 
in  place  of  carbon  in  the  arc  lamp,  whilo  a  strip  of  wot>d  first 
shewed  sparks  at  various  parts  of  its  length  and  thcD  broke  into 
flame. 

i4)t.  Mr.  Swiubumo  oatimatca  that  2  H.P.  oould  be  trnna- 
mitted  to  a  motor  through  «  mnn*s  body  withoTit  injury-,  but 
that  is  an  ratimatu  which  may  not  bo  very  boom  IramJatt-a  into 
(act:  ho  aW  catimutwi  that  ;o  11.P.  may  lie  truutinittt«d  at 
1 3,000  volts  face  S  iii;)from  Niagara  to  Ijindon  ovor  a  No.  t] 
wiro  with  n  loaa  of  only  2  II. P. :  nut  in  thiK  (■ulculation  Im]io- 
danoo  is  probably  not  allowed  for,  nmt  ci.-rtuinly  tlie  wire  would 
not  be  onoloMid  in  a  cable. 

r4J2.  It  may  bo  mentioned  tbat  the  curved  arc  baa  been  oon* 
vorlt-d  in  Mr.  Sienieni'  experiineuta  into  u  {Ktir  of  nearly  vortical 
columns  united  in  a  man  of  llam«  at  a  height  of  )  to  4  inebea, 
so   a]>proximaling   to  the  very  remarkable  vxpunwents  with 
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magiidta  in  wliicli  tko  arc  bu  been  divided  isto  two  vortic*! 
flntncK  QpjMu^utly  diacotmeoted,  an  efi«ot  reeultini;  from  thg 
mutu&l  rKft(!lions  of  veiy  raiiidly  foUowiug  impul&eti  within  a 
inagtictiv  fiuld. 

■  4)}.  Thue  oxperimenU  iudioate  tliat  an  entirely  new  field  of 
racMToti  is  l>uiii^  0]>eiied  out>  and  new  wpecta  of  tho  Htrncturo 
of  inattvr  and  tin-  u]>eratioDS of  ita  ultimate  i>arti(lo§  presented  to 
u*.  Kut  tlii»  difltin  from  our  old  eleclrtoal  studiea  in  one  very 
imjmrtaut  rewpcct;  theoloctrical  Btudenlcoulii  withafewBimpli 
apiuiTutuH  whiohba  oould  make  for  himaKlffruiucliea])  matoiiMt, 
follow  uut  tlie  moat  importaDt  and  iutercBtiu);  stndies.  and  hope 
to  umke  diBi'uveriuR  for  uiiiiaelf :  ttiis  iit<w  field  muat  bo  reeorred 
for  llioiH!  ]i(.tuHWMHt  of  cofllly  apparatus,  and  with  powerful  §ouro08 
of  euer^-y  at  their  command.  The  work  will  be  done  only  by 
Inatitutiouii  jiroriJed  with  complete  physical  labarutorios  for 
inreatiKatiijti  iiud  teaching,  ur  else  by  those  who  can  afford  to 
spend  much  in  the  hope  of  diseoToring  something  commercially 
profitable. 

i^ji).  But  already  they  are  showing  how  inconsistont  with 
facta  is  the  othorial  and  oxtemal  tliuory  of  tntUKmitwionofolootriq 
onorgj'  from  the  source  to  the  puiut  of  cxjienditttre.     Efcrywlioin' 
we  find  tlie  encrgj'  l^-d  by  u  cloued  circuit  between  the  two  ])0lt« 
of  tho  euurco:  oveT;vwhciru  vrt  find  it   U-ansforrud  to  a  KOooiid 
oiix)ait,«lt9Ctrii»lly«l0Md  eithor  oouductivety  or  inductivoly,  and 
always    by  tho  agency  of  the   predetormiued    magnotio  field 
prodaocd  by  t^ie  primary  «ircuit>  na  explained  in  tho  chapter  on 
Current,  SS  -166-7,  Ac.      In  no  niuglo  case  has  any  faot  bvoai 
luonglit  to  snow  tho    transmission  of  eubrgy  /rxna    thr  murovj 
iUtlf ;    or  from  tlie  conductor  evi-u,  eioept  ny  tho  clinnges  inl 
the  magnetic  field  of  the  primal^-  conductor,  offooted  by  that] 
reversal  of  pokrily  which  every  theory  baaoii  upon,  and  ovciyi 
fact  pruvoa  to  be,  a  cliuugedorderofai-raugoiQeiituf  lliu|iartioloij 
of  matter. 
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CHAPTER  XV. 

DicnoKABT  or  TKKMS. 

Tsi8  chapter  u  inten^od  to  Ritpply  coucbe  deJinitiona  ot  Innns 
for  oocnaioDttl  Totunaix  or  b>  r«oa]l  tli«ir  toll  expluftUon  to  tho 
laind,  bnt  in  ihxik;  cim'h  iiifomtation  la  given  od  subjcebi  not 
noticrd  in  the  uther  ]KiTts  af  tku  book. 

Abtolalt,  Kou  UiiiU. 

AoouMUi-AToiL — Another  nun6  for  seoondur  bBtt«n(e. 

Aooicic  LiNRS. — ^Linea  rtuuting  through  those  p^rts  of  the 
euth  in  which  tltu  t«m«trial  andma^etioniendiauscoiuoide  : 
i.e.  whrro  thert!  is  no  vitrlaliou. 

AM&rjiiAiiATio!!. — Zino  is  protected  from  waate  by  having  lt» 
Hiirr«oo  coated  with  mercnrjr.  For  Uie  {irooeaa  with  zino,  m* 
$184;  for  othor  mct«h!i,  §  74 j. 

Allium:.— Tbo  ItA.  unit  of  onrreDt,  »ee  $  431. 

Amputvok.— The  extent  of  Hwing,  aa  in  a  pendnlain,  or  the 
ie^ti  of  wave-motioD :  the  strength  of  wave-ocfion.as  the  load- 
nosB  of  sound,  depends  on  this,  while  the  ohanoter,  as  pitoh  of 
note,  depends  on  wave-IenjrtA  or  time. 

Akiox. — The  electro-negative,  acid,  or  chlorous  radical  of  the 
•alt  or  add  decomposed.  Oxygen,  acid  radicals,  as  chlorine  are 
anions  (see  Ions). 

AsoDS. — The  positive  electrode  or  plate  ofa  cell :  the  wire  or 
plate  coiiiteci^  to  the  cupper  or  negative  element  of  the  battery ; 
the  plate  which  leads  the-f-  ooirmt  into  a  solution  tobe  deoom- 
poead,  and  at  which  are  t«t  free  the  oxrgeo,  and  all  —  ions 
(anions).  In  electro-metailurgj-  it  is  osaaUy  fi>rinod  of  the  metal 
to  bo  deposited. 

Aac. — ^The  air  space  in  which  tho  electrio  light  forms;  it 
ooDtaias  carbon  vapour  and  gives  off  tho  vii^et  rays  which 
render  the  arc  light  so  steely  iu  character. 

Am,  Ko  Mnltiple. 

AaiiiTtTKE.  —  The  keeper  ofa  magnet.  Armalare  of  difnamo 
mtukint:  the  part  which,  like  the  hrprr,  cloaos  the  msgnetio 
lines  of  the  field  magnet ;  it  is  usnally  the  moving  porL 

AsTATio. — Withont  inherent  directive  power;  witi  ally  applied 
to  pun  of  tereiwed  needing  S  341. 

Atom. — The  wppoeod  ultimate  particle  of  tho  elements,  p  x. 
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There  ia  still  uaeh  ooufuniou  as  to  tho  temw  atom  asd  eqai-< 
valont,  frhich  were  formerly  VBod  Tor  tbe  eame  porpoM,  ba^ 
modem  ohetnistry  atuobea  «  diatinct  idc*  to  tbe  fttom,  whio' 
owrelates  il,  not  only  bo  chemical  affinity,  but  to  heat  and  of 
nfiaroea. 

Atmiic  Weioht. — The  relative  w«ij;ht8  of  the  atoms  as  oom-^ 
pared  with  that  of  hydrtif^en  tAkcn  as  t.     At  p.  jcS  is  a  table  i 
the  atomic  weights  and  oth«r  particulars  of  tno  olomeala 
important  in  electricity. 

Baulxck. — £ico  Itriilge.    Hu^kti'  Indueliw,  aoo  S  i}64. 

But— Sm  lladioal. 

Battery. — A  combination  of  voltaic  oella.  Th«  word  is  oom- 
moDly — but  eiToiiooiisly — tuod  fur  a  Kinglo  cell  (e.g.  8m«o's 
battery),  but  it  strictly  meao*  two  or  mom  colls  coupled  to- 
gether in  series.  Tho  toira  ia  also  applied  to  similar  oombina- 
tioDS  of  Loydon  janr. 

IIkkak. — fjw  Cwmmutator, 

Brjiiok. — WhciitnlnnuV     An  appwattu  fur  miNuiunng  resist- 

aacos  by  b^laiioing  the  imkuown   R  againxt  unu  kuonti  and 

,  euablo  of  reflation,  S  4^ 

B.A. — Britwh  Asaootation.    See  Unite. 

B.O.T.-Board  of  Truda  unit.  Olhera  use  the  lettars  B.T.IT. 
See  ^  4^S  and  1  to^.  Tho  Uoud  gave  the  name  of  "  Kdvin  " 
to  thitt  unit,  but  ivtlLdrew  it. 

Bru!'iie8  of  dynamo  maclitnea :  the  oolleoton  of  the  cnrrunt. 

CALoiiintKren, — luBtnimenta  formeaaniiDgthe  guanfi'Ii/  of  hiut 
produced  ;  tbermometerB  meaoure  the  temperature  ur  in(eM«its  of 
beat.  S  ]86. 

Calobt. — The  heat  luit  of  the  metric  syatam,  see  Thmn,  and 
1416. 

Oasdlb.  EUetrie,  An  arc  light  geoeratod  at  the  end  of  two 
oarbou  roiU  arrunged  side  by  side,  and  burning  away  equally. 
First  made  by  Jablohkoff. 

Candln-powfr  of  light. — 1'ho  legal  standard  for  measurement  of 
gaa  is  a  B)H'rmaceti  caodto  of  six  to  the  pound  burning  at  the 
rate  of  2  grains  per  minute. 

Oapacitt. — The  power  of  a  surface  or  dielectric  arranged  as  a 
ooodensor  to  hold  a  "  static  thavgu."     Ita  unit  is  the  farnd. 

CascaEie,  fharffing  in,  is  thu  old  term  for  Leyden  jars  arrnagod 
in  Mrtes,  like  voltnic  liatterive. 

Cathode. — The  negntivu  pUto  of  a  cell ;  the  wire  or  plate 
ootioectod  to  the  x.inc  ;  the  platu  at  whtoh,  in  any  deaompumcioa 
cell,  the  ciitions  or  +  ions  are  »et  free.  In  eled.ro-iuntiillHrgy, 
the  object  upon  wlucli  the  deposit  is  to  be  furmvd  ia  the 
cathode. 
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Cation. — Electm-puHitive  etementa  unci  mdic«I§,  which  are 
■et  free  in  oleftrolj-sis  nt  the  cnthodt'.  Uydrogpn  and  melala  Id 
the  order  cf  the  electric  series  nro  cations.     Seo  Ions. 

Cki^i, — Each  Beparttta  vessel  in  ^vhtch  a  chemical  action  occurs 
fortnitig  part  of  Ihv  electric  circuit.  Thus  there  arc  the  aotivo 
or  generating  cells — i.e.  those  which  form  the  Imitory,  and  the 
dccom  posit  ion  ci^lls,  and  these  laet  may  Ix)  of  two  clawos:  (i) 
Pfuwive  or  mere  resistanoeii,  KUch  arc  those  emploved  in  electro- 
metallurgy where  the  tuotal  is  dissolvod  frnni  tue  anode,  and 
simply  trunsfericd  to  the  cuthodu;  (j)  whero  chemical  force  is 
exerted  and  absorbed  lu  efieotiug  true  decumpuGitiou,  us  In  the 
gftB  voltAmeter. 

C.G.S. — Ceiitinielre  Gramme  Second    See  Units. 

CtiAKOB. — The  measured  qnantily  of  etatio  electrioUy  rcou- 
mulati^d  on  a  conductor  or  ft  oondenser. 

CiiSMic. — See  Current,  Units  of. 

OnLOROUfi, — Pole,  a  term  somolimos  used  for  the  negative  pole, 
or  c-athodo.  A  chlorcua  radical  is  that  radical  of  a  sritt  or  acid 
whicJi  answers  to  chlorine  in  IlCl^that  is,  it  is  the  acid  radical 
or  el  GO  tTO- negative  clement  or  anion 

Chokinq  Coils. — Tlicee  nro  nsod  with  intermittent  currenta,  to 
produce  the  effects  of  a  rceistasco  which  does  not  oxpeud  cnurKy ; 
that  is  to  say,  their  inductance  set e  up  an  opposing  13  M  F  which 
ro^ista  that  from  the  Huurce  and  diminishes  the  rale  of  ourrent 
flow.  The  simplest  type  Is  it  cloaod  cuil  C  surrounding  an  iron 
com  mngnotixed  by  anuther  coil  M.  The  coil  C  now  produces 
mafftiflie  rrtardalionin  the  core.just  as  the  core  produces  olcctric 
retardation  in  a  circuit:  the  magnetism  cannot  puss  along  the 
core,  beyond  the  coil,  until  the  ooil  C  haa  taken  toU  of  the  energy 
and  set  up  current  in  itself.    They  will  probably  find  many  tisos. 

CincuiT. — The  path  along  which  the  current  travels,  or  in 
which  electric  teiiniou  is  set  up. 

C'inductiva  circuits  are  those  through  wkioh  current  pneses, 
and  nro  compoMod  wholly  of  conducting  materials. 

Imhirliva  liroiiitM  apply  to  static  electricity,  and  are  partly 
comtKifwd  »f  insulutiug  materials  a»  air  or  condensers. 

Wu  miiv  C'juL'cive  a  condnctiro  circuit  as  represented  by  an 
eiidk-tiH  cliuiti  driven  by  a  drum  to  which  force  is  applied  (this 
reprtstntiu'p;  the  generator)  ;  etich  a  chain  will  drive  any 
machinery  Ui  which  it  is  connected,  as  tho  current  does  work. 
The  indui'tive  circuit  rceombkvi  more  a  single  chain  acting  on  « 
apriiig.  tike  a  bell-wire,  so  that  only  single  inipulaee  can  bo 
given,  and  on  release  the  spring  rMtoret  tho  energy, 

D«Tivtd  circuits  are  a  divisjon  of  (he  patli  in  two  oi  more 
j}*raUel  branobos. 
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Cncarr,  taagnrltf,  ihif  pnllt  i>f  thn  liiu-H  of  mitgnotio 
OOmpoMi)  of  tlui  iron  nr  •Lnul    and    tliu   bxU'niul  GcM. 
Wnocption   in  mitaluguiu   to    tlwt  of   thn  «tc<!trtu  oironit,  but 
thoagtt  iwoful,  tuiiiis  to  mialoBd,  mo  {  ojS. 

CouuuTAToi!.  —  BriMik,    ooataot-brwiber,  oirodit^chmgcr,    orl 
Bvrilcb.      TliL-y  an)  of  maaj  forau  Mcording  to  ttio  giurpoBo) 
re(|iurv(I ;  u  niiii;>lo  s]<rinK  prvming  on  a  pcnnl  aorvttt  for  a  mcro 
Imak  (ir  inttirru|it6r  uf  Iho  ourr^Dt,  but  tie  arrangemuut  is  otlca 
ontiipliiaitdl  whfD  it  is  neoeasuy  to  provide  aevisral  ilifFi>rent 
tirouitH  fur  the  onrrant. 

CoxDUCTASCE.  —  Tho  oondnotiDg  cfipaoity  of  a  olrouit ;  the 
Tvciprocttl  of  reaiatADce. 

OaniivcTiviTr. — The  specific  oapocily  of  auy  subatauoe  to 
tnmitnit  ourrent:  the  oonductance  of  unit  dimensions  of  tbo 
vubstaiieo. 

OosiinicroB,  prime. — The  termin&l  of  friotional  maohinca. 

CoXDOcnes. — Subfttancos  which  permit  oltotridty  to  pass. 
■Zt  OBAd  to  be  lhi>u|;;ht  that  siib«tAncc«  were  of  two  distiuot 
riltiltrs.  ocinduoUirs  and  insulators;  but  it  ia  uoir  known  that  it 
is  only  a  ijicstion  of  dogrco  of  rMutADoe.  Silver  is  the  be«b| 
oonductor,  thon  other  pura  motals,  thun  allojs  ;  solutious  of^ 
eloctrolytcn  foltoir  but  at  a  long  interval.  Current  pasaea 
through  condtict"ts  in  the  raiiv  of  their  aoctioaal  area,  and  tlw 
inveieo  ratio  of  ihrir  Ivnglh. 

Cox  Mx:  rid  us. — Wirto,  ica..  oomploting  the  circuit  between 
different  appanktux;  they  sliould  bo  tfuffictently  lur^^e,  and  of 
OOppor  »>  OM  to  give  littlo  rcsUtAnoo.  Thoro  la  often  maob 
truablo  cnuMCtl  by  tho  i>tifFn«H  of  stoiit  wires,  it  is  thorcfon 
well  to  form  a  Hpintl  upon  onch  ooun«ctiou,  tiu  us  to  give  a  little 
•laaticity.  Tliu  best  oonocotious,  however,  are  inade  of  wire 
oord,  siioh  «.«  is  made  fur  window  sash-liui?,  or  by  twiitting  up 
Gno  ooppor  wirv  into  a  cord ;  lengths  suited  to  various  i>ur|)08M 
should  bo  cut,  and  to  the  ends  should  lie  solden-d  pieom  of 
No.  1 2  voppur  « ire,  of  a  couple  of  inches  long,  for  inntrtion  in 
binding  screws.  If  these  ends  are  well  silvered  or  gilt,  much 
tntnblo  in  clvonin;;  wilt  be  saved.  Annoyance  from  accidental 
eonttots,  Ac,  is  olw  avoided  by  ooreiing  these  oonduotors  witb 
DsTTow  tapa  plaited  on,  and  soaking  with  boiled  oil. 

For  uniting  airt*.  blocks  of  brass  are  useful  with  two  pArallul 
holes  drilled  thnmgh  uud  a  screw  to  press  in  each.  A  simplo 
oonnculion  may  tie  made  with  a  piece  of  i8  copper  wiie  j  inoliea 
long,  hauiQiurud  flat  for  2^  inohus  and  Sled  eoiooth  so  as  to  giro 
it  "pritig  :  it  may  iheu  be  tinned  with  a  soldwing  iron,  or  pre- 
ferably nickellcd  or  gilt,  and  then  wound  up  in  a  helix  apon  a 
piece  of  iron  wire  larger  than  any  wires  it  is  to  bo  used  with : 
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it  can  bo  then  curved  ko  as  to  grasp  «  vr'm  cod  muilMd  into  it. 
Two  of  tboso  joined  together  or  mnde  on  the  onds  of  on«  [deos 
make  a  ]jarlpct  onticction  ;  thoy  can  he  joiued  in  any  Qiimber. 

Wood-eerftet  make  crmvenient  ooiinoctious  if  a  pioco  of  wire  is 
suldered  in  the  cut,  to  turn  them  with;  n  pieoo  of  sheet  metal 
with  a  wire  attnctied  to  it  may  be  plnued  in  the  hole  in  which 
thoy  work,  and  a  metnl  wiishcv  under  the  heiul  to  grip  a  bout 
wire  placed  nnder  it. 

Binding-ecrowe  und  fitttogs  are  now  cheup  and  easily  obtAin- 
able,  and  ittudcntd  supplied  witli  the  fii.tiiigE  of  modern  clam- 
rooms  may  bo  apt  lo  look  down  upon  make-sbifl  appliances; 
but  by  eiicb  make-shiftit  tlte  HciEnco  of  electricity  ha«  lievn 
created,  and  ninny  an  ennient  etudent  with  limited  funds  will 
not  only  lind  ihem  ueeful,  hut  learn  more  in  devising  and 
making  them  than  if  he  were  mipplied  with  the  most  perfect 
instrutnents. 

CoNSKjOEST  Folks.— Whore,  intentionally  or  aooidentally,  two 
N  or  two  S  poles  are  formed  together  8— K  N — 8,  prodiioing, 
apparently,  ii  inuguet  with  siiiiilar  \>o\bs  at  eaofa  end. 

OoK^AXT. — A  valui*  which  oorrelat«B  individiial  cases  to 
general  lawn.  The  couBlunt  of  a  galvanometer  i8  the  value  ia 
ampireti  onrreapocdiug  to  unit  deflection  ;  or  it  may  be  the 
reaialance  whicli,  with  a  given  battel^',  produces  unit  dellectioii. 

CoDi-oMD,  —  The  B.A.  unit  of  qnantity,  which  passes  in 
t  secund  of  an  ampiro  current. 

CoRRENT. — This  word  is  used  in  many  ways.  The  eleotrio 
ouneut  means  the  supposed  How  or  pajwago  of  electricity  or 
electiioal  force  in  the  direction  from  +  lo  —  or  positive  to 
negative.  It  therefore  originates  at  the  eino  surface  in  contact 
with  the  solution,  and  paases  from  the  einc  ta  the  copper  or 
other  negative  metal  in  Ike  tiquid  of  the  battory,  but  from  the 
negative  metal  to  the  zinc  in  the  external  circuit  (k0  roeitiTO 
and  Negative).  Current  also  means,  acionlilically,  too  measured 
work  dune  chemically,  or  what  was  formerly  called  "  Quantity  " 
(whioh  sec,  also  Intensity  of  Curzeat).  For  the  laws  governing 
this,  see  Ohm's  Laws  and  Units.     See  Density. 

Ourreu/,  Units  of. — ^The  accopted  B,A,  unit  ie  the  ampire,  which 
ia  the  result  of  i  volt  of  electromotive  force  acting  in  a  circuit 
of  I  obm  reeistaoce.  Its  chemical  value  is  given,  S  421,  At 
first  it  wiis  called  the  "  Velwr." 

The  Chvmic  i»  used  in  these  pagc«  where  it  is  desirable  to 
keep  in  view  the  rolntion  of  eluctiiuity  to  atoms  and  molecules 
of  matter,  which  it  does  more  porfootly  than  the  ampere,  as 
explained,  p.  206.  It  icpreeonta  ona  grain  equivalent  of 
chemical  action  in  ro  hours. 
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OnuHATiox. — Tho  angular  diffoTcnoo,  at  nny  part  of  Uio 
irth,  between  tho  ooirOHt  polo  of  tho  onrth  ami  tlio  oiimMpoDd- 
ine  nuigti otic  polo :  it  in  tho  variation  t/  Ae  oompa**. 

llEic.tiTr.— Tho  "  i]iiiintity  "  upon  unit  area  i>r  niirraou,  irhivH 
wiea  an  thu  one  aurfaoe  aooording  to  form  aoJ  ooarnuM  i>f 
•onoiimdiDfcR. 

DtMitg  of  cnrrral,  ite  retio  to  the  aeational  araa  of  tha  oironitt 
which  ill  tbo  CiMO  of  eleotrolywa,  materially  affects  tho  aollon 
and  the  quality  of  depoaiL  lieat  in  wires  ia  alao  proportionate 
to  the  ratio  of  cumut  and  aoctiou  of  the  conductor. 

DlAPBRAOM. — A  porooa  division  betweea  two  liquids,  through 
which  electric  current  paoaca,  and  in  which  oemoao  ocouta  ;  and 
an  E  31  F  is  produced  as  a  rosult  of  capillary  actions. 

The  vibrating  disc  of  lolephoncs. 

DiELBcrmot. — Non-conductors  in  which  indnotKut  occurs, 
such  as  air  and  guttapercha. 

DrxAHOwin'EK. — This    nioaas  "  roro»-inouore,"  and    is    tha 
proper  name  for   an  apparatuit  which  nteasaroa   meohauical 
power,  siKh  as  that  axert<Kl  1)y  a  rotating  ithaft  or  a  bolt.     It  j 
u  oftea,  bat  wrongly,  ^plied  to  Webor's  galvsnomuter,  wliichj 
ooualsted  uf  w>ils,  in  |»uoe  of  needlea,  susp»ud«d  within  <ittic 
oircuUr  uoilit. 

Dv»c. — Tho  C.G.S.  nnit  of  Fort*,  that  whioh  gives  a  roludty 
of  I  (.-entiiuetre  per  secoad  to  i  gramiue  weight,  after  acting  (ur 
1  secoud. 

B*BrB.— Same  deriTed  from  the  old  mistahen  notion  ih.it 
electricity  i^  pumped  up  from  the  earth  as  a  great  i«aarvuir ; 
Piiliia^  i»  «!ir(A  aud  tarih  cokhmImm  maan  a  general  roturu 
circuit,  which,  for  ocoiiomy,  is  formed  through  tbe  esrth  by 
■mam  nf  "nsiih  "  plates,  buriod  in  moist  strata  at  the  Tariuus 
,  BMsannr  points.  Uut  any  oouduotor  oomuon  to  seToral  dronita 
''l  taohlUCMly  called  "  earth." 

ELKTRODn. — Faraday  a  term  for  Ute  poles  or  plates  leading., 
the  current  into  and  out  of  a  OoU.  see  Fulea,  Anode,  aod'J 
Cathode. 

EuDCTKOLrsts. — The   act   of  duoomposition    by   aa   oleotrio 
lOarraat,  wbilo  pasting  through  a  Itciuid. 

Stoondary  cloctrolvNiit   is  auppjMxl    to    bo  olFooted    by   tba 
'  ohamioal  aodon  of  tho  subatanou  roally  sot  frcu  by  the  ourrotit 
(•Oa  Nascent).     For  eipUnation  of  tliia  action,  sea  $  £91. 

SLnrrHOLvrES, — Bodim  capablo  of  being  doeompgaed  by  aa 
aleotriD  ourreat.  They  must  bo  oompuied  of  (or  rathor  be 
oapablo  of  breaking  up  into)  two  radicals  (see  Ions) ;  thoreforo 
aabatanoea  wbioh  oontaia  three  or  more  xadioala  are  not  eleotro- 
lytea. 

a  a 
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l!i,EcrBi>MiTBB.  —  Instj  iiinent  for  measuring  ^kctrwtatio 
ohargtf,  or  tendon. 

£  M  F  OR  Elrctbomotivk  Force. — The  tondency  to  sot  up 
oleclrio  ourreut:  in  galvanii-  listU-rk's  the  EMP  is  set  up  by 
the  attraction  of  /ino  for  an  aciJ  rmlical.  It  may  be  oithor 
continuous  or  !ut<:ruiitt<-ut.  (Salvanic  batteries  and  friotionnl 
machines  set  nj)  a  cuutinuous  EM  F,  which  may  bo  comparc«l 
to  a  steady  pressnto  in  its  actions  and  law^i. 

Moving  magnets,  chart;ed  ooudensers,  the  nires  of  induction 
coils,  set  up  a  variable  E  M  F,  which  may  bo  compared  to  th(^ 
eiaergy  of  impnlsos  and  with  the  laws  of  pnycctilos. 

Eteftrie  prttmire  ie  now  oommooly  uswl  for  E  M  P,  ns  i«  also 
tbo  t«rm  vohagf. 
'I'bo  unit  of  E  M  F  is  the  volt. 

'EiXKV.vrs. — The  ultimate  GubHiunces  into  which  all  the  bodies 
wo  know  Clin  l:e  resolved,  anil  which,  thomsctves,  have  not  been 
rwiolveil  into  any  simpler  bodiea.  see  S  5. 
EsiwsMfisE.— Sec  Osmose. 

E>j<JivAi.KNTS.~A1l  chemical  actions  take  place  in  a  deficito 
ratio,  which  is  ejplaincd  by  the  atomic  theory  as  iliie  to  thft 
o()mbiuiiti(.iu  of  1,  3,  or  more  atoms  of  one  substance  or  clement, 
with  I,  1,  or  more  atoms  of  others.  Each  element  has  it«  own 
equivalent  weight,  as  compared  with  hydrogen  as  i,  Thero  is 
much  confii*ion  of  ideas,  due  to  the  change  of  modem  chemistry 
from  iha  old  sj*atcm  of  slating  ronctione  in  tquivniatla  to  tbo 
modem  system  of  n-tiiting  them  in  alrnni.  Tnble  XIII.,  p.  jo8, 
gives  a  list  of  tlie  equivalents.  The  rt-bttioii  of  elcetricity  ti> 
thcto  equivalent*  is  such,  that  in  a  chain  or  circuit  O(im|>ott0(l  uf 
any  variety  of  ounijHinnda  of  two  of  these  bodies  (wkioh  ar«,  in 
fact,  clenienbi,  radicals,  and  ionsX  the  samn  eurrcut  would 
release  from  ccmibinution  the  relative  weight  set  against  each 
HubBtJtnci-.  Thi-  weights  themselves  are  relative  or  abstract, 
but  iu  thb  work  ihe.v  are  taken  aa  *■  grains,"  for  tlie  purpoe©  of 
getting  a  defiuilc  elect)  io  measure  of  current  and  work. 

Equivolt. — A  unit  devised  by  the  author  to  connect  together 
energy  and  quantity.     It  is  tie  energy  engaged  iu  affecting 
I  equivalent  of  ohtuiieal  action  in  a  circuit  of  i  ohm  resiatacoe, 
L  and  tiuder  the  volt  electiomotive  force.     It  is  described  S  Wj. 

L  Its  mechanical  equivalent  is  aC")^  foot-lbs.     This  unit,   when 

^h         thoroughly  compieheuded,  will  greatly  aid  in  uudcraUadtng 
^1        electricity,  and  the  doctrine  of  the  correlation  of  forces. 
^P  Eiiii- — Tho  0.0. ii.  unit  of  energy.    The  work  of  i  dyne  in 

H^         t  second.     Its  value  i«  given  |  410- 

^^k         Hrytfn,   to,c-:».coo,coo,  ten  thousand  millioD  ei^gFi  written 
^^^    I  X  10"  on  tho  index  notation  explained,  S  411. 
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Extra  Curbbht. — The  induced  current  in  a  wire,  eipeoially 
when  wound  in  a  helix,  set  ap  when  oircoit  is  broken. 

Farad. — The  unit  of  eapaaly .-  i  oonlomb  nniler  i  Tolt. 

Fbrranti  Effect. — A  rise  of  voltage  obeerred  in  the  Deptforil 
muni)  beyond  that  of  the  generaton :  as  much  as  10,000  voltH 
were  observed  at  London,  while  there  were  only  Sjoosupplietl 
«t  Deptford  eight  miles  away.  Of  oonrse  this  is  no  creation  of 
ftffce  or  energy,  bnt  a  redistribution  of  the  wave  form  and 
phases,  dne  to  inductance  in  tho  oironit. 

Field  dp  Force. — The  space  between  the  poles  of  a  magnet, 
or  two  electrically  charged  surfaces,  and  other  active  forces. 

OALVAKOUErER.— An  instrument  for  measuring  "cuiTcnt"  by 
its  magnetic  effects  in  deflecting  a  magnetic  needle. 

Gauss. — This  name  has  been  variously  used  ;  it  was  applied 
to  the  magnetic  field,  §  149.  It  is  now  called  the  unit  of 
**  induction  density,"  another  form  of  the  same  concept.  Its 
value  is  10'  "  lines  of  force  "  or  C  G  S  units,  see  §  968. 

HoRse-FowEB. — The  unit  of  "rate  of  mechanical  working 
power";  it  corresponds  to  a  supply  of  energy  equal  to  3J,ooo 
foot-lbe.  per  minute.  The  Froncn  "  foroeKiheval "  represents 
i2,%6o  foot-lbs. 

Hail's  Effect. — A  distortion  of  the  lines  of  £  M  F  pro- 
dnced  in  the  magnetic  field,  apparently  analogous  to  the  rota- 
tion of  polarized  light.  But  Snelford  BidweU  has  shown  that 
it  belongs  to  the  thermo-electrio  facta  and  varies  in  different 
metals  much  as  these  do  in  the  Thomson  effect,  S  1395*  If 
current  is  passed  through  a  strip  of  metal  lengthwise,  none 
will  leave  the  strip  from  cquipotential  points  at  its  sides  ^as 
in  Wheatstone  Bridge),  but  if  the  strip  is  in  a  magnetic  field, 
and  perpendicular  to  the  lines  of  force,  current  will  pHSS  from 
these  points. 

Hehkt. — The  new  unit  of  Inductance,  S  4JO. 

Hysteresis. — A  waste  of  energy  in  magnetizing  and  demag- 
netizing iron,  owing  to  the  inertia  and  frictional  resistance  of  the 
particles  :  it  appears  as  heat  in  the  iron,  i  973. 

Impedance. — The  total  obstruction  to  conductance ;  resistance 
+  inductance,  in  the  case  of  intermittont  currents  in  the  variable 
period  :  it  is  correlated  to  "  Ketardation,"  §  52J. 

IstiucriON. — This  is  the  name  given  to  effects  produced 
outside  of  the  body  exerting  a  force,  or  out  of  the  circuit  to 
which  the  force  is  directly  applied.  Thus  a  magnet  induces 
magnetism  in  neighbouring  magnetic  substances,  and  then 
attracts  them. 

A  static  charged  surface  is  said  to  induce  an  opposite  electric 
oharge  upon  surfaces  presented  to  it ;  as  to  which  see  S  55. 
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A  otirmnt  In  s  wir«  i[iduc«e  curronto  in  otber  oondaotflaa 
pitnilk'l  to  it     See  C^oooDtlary. 

Svl/  l/iduetion  is  the  luiBloiwiinc  tortn  fi>r  tlie  ulwurled  enwgr 
wtiich  prodncos  "oxtra  gomnt  ':  it  js  slowly  paieuig  out  of 
tiN".  floo  i  4ty6. 

iMiUiri'iKCB. — The  absoTplinn  of  vnurgy  at  the  cnfDnieiic$in«nt 
"f'oiirrvnt bystaticAiid  nmKnutio atraMcsK.  lUtuuititi  theUenry, 
!t  4}o.    It  oovoTR  whnt  iiscxf  to  htcutttdtelfftMd  mutual  inductiOD. 

iNDUtnoitiUM. — A  nniiic  for  loduotioD  doJlx. 

iKeiiTiA. — A  word  umbodying  thu  fnottliat  iii« tier  will  neither 
miivi'  or  Ktop  moving,  «xOBpt  hy  an  external  action  :  the  resist- 
iiui-<>  to  I'hiingv  of  irtutfl  of  Tv»l  or  motiou. 

Isn.uENCK  Macrises. — Thosii  ou  the  prindplcs  of  the  IIolz. 
Vo«a,  and  WiiuHliuret  typoe. 

IireuLATORs. — Itvidiea  poaaeasiug  high  rcmat&nce;  all,  however, 
hIIdw  some  ourreot  to  escape,  or  rather  "charge"  to  be  loft  im 
uurrvnt.  They  are  called  "  olectrice,"  becanee  friction  dovclwps 
oleotrio  excitement  in  them.  Ebonilo  is  tho  high<utt  "  nonnxin- 
dnotor";  paraffin, sulphur, nnd  glass  follotv.S  no. 

Tolcgrsphio  iiiuitlalurs  are  the  poicelain  ciipe,  Ac,  to  which 
ihe  wim  are  Mwurt-d,  and  which  provent  cnrront  lo^ng  from 
the  winM  to  the  earth  through  the  posts. 

Ixi  ictntTT. — Tho  old  tenu  for  K  U  V.  Battarias  wvn  sud  to 
lie  nrrnngvd  fbr  tafi-naify  when  tho  rails  mie  coupled  togoth«r 
in  Roriea.  The  term  loads  to  such  confuHton  that  it  is  bast 
abiindouvd  altogether. 

tmletuilf  of  QtAtml. — A  term  adoi>ted  from  tl»o  French  udemaitf 
■k  (rarntai.  It  mvaui  *' quantity  ;  and  tho  best  writeiv  now 
iiaa  iIm)  simple  word  "  current,"  to  sToid  the  confusion  of  theae 
cOBflioiing  termM. 

loirs.— Fa laii ay's  tcTin  fur  tho  two  parts  into  which  on 
electrolyte  breafca  up ;  th«y  may  be  regarded  a«  "  radicals," 
■did  may  bo  either  single  atoms  of  «t«uiimtM,  donbkd  atoua 
which  still  act  as  one  cbeinically,  or  ooraponnd  radicals,  like 
anaoDium,  and  the  ladicals  of  aodiL  Thur  arv  «f  two  clUMa. 
nuMd  fn>iii  ilic  el«ctrod«  at  which  they  npginu- ;  but  it  iBiMt  be 
roBkeulwreil  that  the  Mine  radical  tuny  be  an  anion  at  one  tiaM 
and  a  catk>u  at  another,  aoeoiding  as  it  is  united  with  a  tadionl 
man  ct  less  high  in  the  order  ot  afBuily.  See  Anioas  and 
Chttoos. 

Ikcuhw  Lira.— Those  drawn  through  places  in  which  the 
dip  is  sqnal ;  in  (act.  lines  of  magnetic  latitude. 

In.x^OMv-  Lists.— I'bicednwn  thtoogh  places  of  equal  deoKsd- 
lisn,  c«  liof*  of  niagn»t)o  langitnde. 

J««rt&~Tbe  BJi.  onit  of  «mi^,  i  4>6.     It  is  HOMtimes 
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called  the  Joulad ;  tho  term  "joule  "  has  also  been  need  for  tbo 
77a  foot-lbe.  mcclisnical  c<]uivalent  of  heat,  for  which  it  would 
be  most  applicable. 

EXLTIH.— The  name  f^vcn.Hay  1892,  to  the  B.O.T.  unit,  the 
kilo-watt.     It  ia  not  actually  adupted. 

Erot. — The  geogrnphical  and  nautical  mile,  which  aome  affect 
to  write  "naut,"  though  the  name  ia  derived  from  the  corre- 
aponding  IcQotB  on  the  log-line  used  at  sea :  3039  yards. 

MA05CTAKCE. — A  term  proposed  by  the  author,  §  469,  for  that 
portion  of  energy  which  In  taken  up  in  the  magnetic  field,  to  dis- 
tingoiah  it  from  "inductance"  proper  which  should  be  tbo 
energy  taken  up  in  electric  stTesaes. 

Hangakix. — A  new  German  alloy  of  12  manganese,  65  copper, 
and  3  nickel  (mangatieae  replacing  the  icinc  of  (ierman  Hilver), 
which  ia  haid  to  poeiioflH  n-iuarkublc  and  valuable  propertiea. 
Its  ipecial  merit  ia  that  heat  scarcely  alters  its  resistance 
between  15°  and  30°  Cent.,  and  even  lowert  it  at  higher  tem- 
peraturee,  an  effect  hitherto  tiuknowu  in  metals.  It  ia  also  soft 
and  pliable.  At  date  of  writing  it  ia  yet  unknown  in  England, 
bat  I  am  informed  (liat  it  has  the  defect  of  being  injured  by 
contact  with  paraffin.  Its  specific  resistance  is  43  mior-ohms, 
I>er  cabio  cent.,  p.  373. 

Mio-OHii. — The  prefix  neg  signifies  one  million. 

Mho. — Name  su^^gestcd  bv  Sir  W.  Thomson  for  a  unit  of 
"  conductance,"  being  "  ohm  "  inverted. 

MtCKO>FARAD. — The  prefix  micro  signifies  one  millionth.  The 
uiioro-farad  is  the  practical  unit  of  capacity. 

HoLECULE. — The  ultimate  particles  of  ct>mplete  substances. 
Modem  chemistry  draws  a  clear  distinction  between  atoms, 
equivalents,  and  molecules,  tetma  as  to  which  there  was  formerly 
much  confusion.    The  moaning  is  explained,  pp.  6-9. 

U DLTiPLE  Arc. — Cells  conuccted  parallel,  or  as  derived  circuits 
to  each  other  so  as  to  act  as  one  large  cell. 

Nasoest.— tjubstanccs  have  a  much  greater  chemical  force  at 
the  instant  in  which  they  are  being  set  free  from  coiiibiuation 
than  when  they  are  free  bodies.  They  are  then  called  "  nascent." 
Host  of  the  processes  of  eltctro- metallurgy  are  usually  con- 
sidered to  bo  effected  by  secondary  electrolysis,  through  this 
aotion  of  nascent  hydrogen.  This  special  energy  ia  supposed 
to  be  owing  to  elements  (or  radicals)  being  then  in  the  atomic 
inatead  of  the  molecular  condition,  and  therefore  having  all 
their  ohemical  attractions  engaged  in  seeking  a  combination. 
It  is  commonly  the  case,  also,  that  a  radical  cannot  be  set  free  at 
all,  unless  in  the  presence  of  some  other  bodies  with  which  it  ia 
ciipiible  of  uniting. 
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SajxTivtc. — lu  tlw  IjaUcij,  the  copper,  carbon,  or  platinaui 
plutn. 

Negative  PoU — CftUioilo,  (ilutinode. 

tfe^alive  lim. — ^Ux>')f;iMi  aiid  u«id  or  chloroue  ntdioala. 

NcTATiox. —  The  luojo  of  expresaiug  chemical  Babstances  and 
teactioDH  \iy  their  various  Byuibola.  Various  systemB  are  em- 
ployed, S  16,  l)ut  that  Tisi>d  in  the«e  pagca  i«  the  simpleBt  known, 
btiin);  baBtd  ii{iou  the  biuary  thoory  of  salts,  aod  showing  every 
atom  in  a  reaction  by  its  dittinct  Kymhul. 

Some  fniicit'ul  formuloi  are  UBed  I'uv  the  purpose  of  flxpreestng 
particular  theories  on  the  co&»itit»ti<iTiorsuiMtanccs.  The  most 
pruminont  is  Frankland's,  based  on  tho  hvdroxvl  theory.  It  is 
exceedingly  pii/j.ling,  ns  it  doc!«  not  ffhow  real  atums,  biit  the 
supposed  oonipound  radicals  of  thi>  theory ;  and  aa  IIo  and  Cao 
uuMknagniothingdiiTororit  from  the  iisiial  110  and  CuO,  it  israroly 
wrilti!ii,  Biid  nuvcr  pi'iiit<-d  correctly  thnnighout. 

Occi.L'itiON. — llio  Mlwiorptioii  of  gUMiM  hy  Hulida,  with  somo 
change  of  pmpurty.  Tbo  union  of  tiydroguu  with  ]>alladiain  iti 
the  most  etrikiug  iuHtanct.'.  T)ie  at»orhing  iHiwbrorohaToool  its 
Bomotiiuea  called  oceluBion,  but  ix  prohaldy  of  a  diffbroDt 
character. 

Ofni. — Tho  ){.A.  unit  of  rosislanoii.     For  its  value  mo  |  419. 

Ohm's  Laws. — ThiTPic  fonnuliv,  deviMxl  hy  Ohm,  unable  um  ti> 
cukloulute  from  certain  datji  nil  the  information  wu  retiuira. 
The  eymholfl  Khimld  rejnetteut  fixed  unitn  (kw.  tFuita)  to  obtttin 
dfifinit«  rt^ultx.     Utht-rvrltn!  thuy  are  nicsroly  (ximiMtrative. 

E  ntanda  fur  olwitromotivu  funs;,  R  for  ri^nintauca,  C  for 
curit-iit.  Any  twu  of  l)i<^He  being  known  we  can  calculate  the 
third :  tboa  knowing  tho  foroa  of  thu  batteries  to  ba  used,  and 
tbo  reaistanoe  of  a  circuit,  wecancaloulule  the  ourrent  generated, 
and  therefore  the  amouut  of  work  to  be  uft'eoted  under  any  given 
conditions. 


EUF 
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W  meaoB  mechaoioal  work,  H  is  honl,  I  in  a  ooDstanf  repre- 
Bentiiif;  the  suitable  unit,  $  ai6,  and  J  the  jcmle. 

OsKOSE. — The  pmcesH  of  dEffiwiou  of  liipiids  through  a  porotis 
divisiou,  which,  like  the  diff^iou  of  gaso,  idiowa  that  tlie 
moleCDlea  of  matter  in  these  btalea  are  in  conirtant  motiun  : 

Enitimott  :ind  exoiaurte  are  names  given  to  the  tw»  directions 


Ourroat. 

Botittsnec. 

Enragr- 
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of  the  motion  u  raUted  to  any  given  veascl.  Electric  onrrent 
Rnd  differenoe  of  potential  give  a  atimnlus  to  osmotic  action, 
■a  explained  i  304. 

Pi.as  EfTKOT. — The  aounda  produced  by  molecular  motion  in 
iron  when  magnetised  and  demagnetized,  S  i;i6:  it  has  been 
oaed  in  a  bell  push  to  indicate  that  the  distant  bell  is  acting : 
the  push  contained  a  Hiuall  electro  magnet  connected  to  the 
bottom  of  a  oloaod  irun  box,  the  tup  of  which  is  the  armature  : 
the  arrangement  greatly  rcaembling  a  telephone. 

Peltikb  Effect.— See  S  1396. 

PcaHEABiLiTY  — Capacity  for  maguetiam. 

Pkbhittance. — Term  uaed  fur  inductiyo  capacity. 

Platikode. — Daniell'B  term  for  the  cathode  or  that  plate  in 
any  cell  which  doen  not  dissolve. 

FoLABiZATiON. — The  act  of  arrangiug  the  aubetancea  which 
form  an  electric  circuit  in  a  polar  order  or  chain  of  4-  and  — 
radicals,  presented  towards  and  reacting  on  each  other.  It 
roBemblea  the  arrangement  which  takes  plaoe  in  a  number 
of  magnetic  needles  which  arrange  themselves  in  an  order  of 
NS,N& 

Polariiation  of  Platet. — This  very  confusing  and  absurd  term 
ia  applied  to  an  action  which  occurs  whenever  the  current 
passes  from  liquid  to  solid  conductors :  there  forms  on  the 
surface  of  the  latter  a  film  diSbrent  from  the  liquid,  by  which 
there  is  not  only  a  greater  resistance  introduced,  but  an  elootro- 
motive  force  is  generated,  opposing  that  of  the  current,  so  that 
if  suddenly  connected  to  a  galvanometer,  and  the  main  oircnit 
broken,  a  reverse  current  will  Iw  maintained  for  some  time. 
Secondary  batteries  are  based  on  this  action. 

Poles. — The  wires,  plates,  &c.,  leading  from  the  battery ; 
their  name  ia  the  opposite  of  that  of  the  plate  they  lead  from  ; 
thus  the  zinc  is  the  potiitive  metal,  plate,  or  element  of  the 
battery,  but  the  wire  leading  from  the  zinc  is  the  negative 
pole,     lliis  is  fully  explained,  SS  167  and  393. 

PosiTfVE. — In  the  battery,  the  zinc  plate;  in  a  decomposition 
cell,  the  anode. 

Potitive  Pole ;  +,  the  anode,  the  elncode,  1^  which  the 
current  enters  another  cell. 

PotUive  Ion* ;  hydrogen,  metals,  and  basic  radicals. 

I'oTKMTiAL. — A  mathematical  term  much  misunderstood. 

The  PoieHliai  of  a  battery  means  its  E  M  F. 

Static  potential  is  the  corresponding  stress  exerted  in  the 
direction  of  the  opposite  electricities  and  is  comparable  to  the 
pressure  exerted  by  head  of  water. 

Pottntial  energy  is  stored  work,  capable  of  again  doing  work, 
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M  in   a  lifted   n-cigbt.  a    etmittcd    sjiTing,  or   ohomiatl   de- 
compcwitioti. 

QiiAKTiTY. — A  term  buod  on  tlio  iilea  thut  electricity  is  an 
uctoiilly  exinting  plcnimt,  having  ijuuititntivo  n-lation«  to 
uheiuical  aoduns,  Mmilnr  to  tlin  tttiiuio  weights  uf  ibc  luutL-rial 
ek-iueiitB.  'iliu  dufiuition  upjili(mbl6  to  oxiiiting  idiNts  uf  the 
nature  of  elcctricilj-  will  bo  found  under  "  Ciirient."  Tiie 
cQuiomb  ia  its  UJl.  unit. 

BxDicJLW.— Either  elementary  atoms,  or  comiiouiid  1>odiea 
which  act  like  atoms,  retaitiinK  their  completeness  and  indi- 
viduality tbniugh  a  eeiios  of  chemical  chauges.  It  is  considered 
that  tho  acids  are  formed  of  such  radicals  whoso  attrnctions  are 
aativficd  by  hydrogen,  while  salts  arc  the  same  radicals  satisfied 
W  melala  or  compound  basylous  radicals.  Those  radicals  are 
the  ton*  of  the  theory  of  clecln-lysi". 

Reiujcko  Lesotb. — A  t«rni  formerly  used  tn  express  a  roaiat- 
ancQ  in  thu  terms  of  itit  o<iiiivaletit  lengtli  of  wire  or  resistance. 
It  is  now  swjiersedtid  by  the  de&ntle  expresMon  in  ohtiiB. 

Kei.av, — A  smiill  instrument,  such  as  an  i-leolro-imiguet,  which 
rucoivos  a  feeble  euriunt  I'rom  a  distance  and  closeB  the  oircuit 
of  a  local  buttery  so  as  to  produce  an  effect  of  the  retjuired 
dejrroo  of  strength. 

llKftiNous  electricity. — Negative,  developod  by  rubbiug  ebon- 
ite,  &<!. 

Hesistaeicx. — The  oppo«iUon  preBontod  by  the  circuit  to  the 
developueul  of  theciirroni;  it  is  an  inherent  properly  of  every 
Bubataucc,  varying  in  degrcu  in  each  eiibstance,  from  eHver,  up 
to  gtitla)>ercba  and  tlio  other  an-callod  non-condiicturs.  What- 
ever the  fipeoial  nubutrknce,  however,  its  actual  reiiistAiioe  may 
be  expressed  iu  any  commun  unit;  tliun  wc  may  describe  the 
rcsatanoe  of  a  decumpudition  c«ll  lu  oqnal  to  hu  many  fvet  of  a 
giToa  wire.     The  unit  of  reaifltatice  m  llie  Ohm. 

Seiitlawe  U  Ihe  reeiprotat  of  the  candacting  eajmetty  of  a  circuit : 
it*  ri'tatioux  to  work,  Aq.,  nre  explained.  $  ^20. 

Kosislniioc  re-quins  to  be  considered  iu  the  vwiouM  sections 
of  thu  circuit  u*  "tniemal,"   that  of  tbe  battery  itnelf;   and 
.  "  extemni,"  that  of  the  work  to  be  done,  the  conductors  leading 

^^      to  it,  and  any  nuNuiurin^  apparatus  employed. 
^K         IteBistauce,  when  it  la  not  work  in  somo  form,  always  cou- 
^H     verta  the  energy  ol  iho  uurrout  into  heat.      8co  Ohai'a  Law?, 
^V     and  Units. 

^P  ItLTAGi'ATiOK.— A  teim  applied  to  tbe  inductive  action  which 

W^  reduces  the  rate  of  sigoalliug  in  submaiino  cables.  A  signal  to 
^^  be  Irausmittod  nuuirca  a  ourreut  at  the  leceiving  end  nd^^itiuto 
^^K    to  the  meclianicnJ  work  to  be  performed  in  the  iuntruments. 
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Bnt  the  ourrent  which  shonld  be  generated  by  the  sonioe  is  only 
alowlv  developed  at  the  distant  end,  S  506,  and,  therefore,  tlio 
ngnal  is  delayed. 

Bheomctkr.— A  galvanometer. 

BuXOOT'AT. — Iteeiatanco  inatrament. 

BbbothOFE. — A  roveraing  oommntator. 

SsoOBH. — Profs.  Ayrton  and  Ferry's  name  for  the  unit  of  in- 
daotaooe  now  called  tlie  Henry  :  bnt  it  vraa  not  of  exactly  the 
wmme  value,  bein^  based  on  the  then  received  ohm,  while  the 
Heniy  is  related  to  the  true  nnit. 

Secondary. — An  actiun  or  a  circuit  depending  on  another. 

Sbookdiry  Acnos. — See  Electrolytes. 

Sbookdarv  BArreitv  — See  Polarization  of  Plates. 

Seodnha&y  Wirk,  in  coih),  is  the  wire  in  which  the  indnoed 
Cturent  is  set  up  by  the  magnetic  reaction  of  the  core. 

Series. — Cells,  &c.,  arranged  in  consecutive  order  so  that  the 
nme  corrent  traverses  all. 

Shdht. — A  wire  arranged  to  carry  off  a  definite  proportion  of 
a  onrrent:  a  l^e-pass  to  an  instniment;  another  branch  rood 
OB  in  raUways,  from  which  the  term  comee. 

SoLENOice. — Helices  of  wire,  which  act  as  magniits. 

Switch. — See  Commutator. 

Tehsion. — The  strain  put  upon  the  circuit  by  the  eleobo- 
motive  force  ;  it  may  be  regarded  as  a  single  amount,  or  as-f 
ond  —  equal  in  opposite  diieotionB  &om  tlie  souroe.  This  term 
lued  to  be  employed  in  the  sense  now  covered  by  potential. 

TaKRM. — A  recent  name  for  the  "  calory  "  or  water  "  gramme, 
degree,  cent.,"  heat  unit. 

Thoh. — This  name  has  been  suggested  for  the  unit "  mag- 
netic induction,"  B>  S  961;  i.e.  for  the  one  "line  of  force," 
§968. 

Tbombom  Effbct.— SeeS  1595- 

TOBQDE. — Thecircnmferentiu  stress  tending  to  twist  or  turn  an 
axis :  it  is  the  strain  exerted  by  the  magnetic  fields  in  a  motor. 

Uhits. — The  various  bases  of  any  system  of  measurement. 

The  Abs<^iiU  are  based  upon  the  units  of  mass,  length,  and 
time,  such  as  i  gramme,  i  metre,  and  i  second. 

The  O.O.S.  system,  in  which  the  centimetre  replaces  the 
metre,  is  now  generally  adopted.  Its  unit  of  force  is  the  dyiu, 
and  of  energy  tjio  erp,  and  a  complete  system  of  electric  values 
are  related  to  these. 

The  B.A.  system  (the  British  Association),  now  universally 
adopted,  is  batted  upon  the  preceding,  but  consists  of  named 
units  of  convenient  magnitude,  as  follows  r— 

HUetromotive  Force  and  Potenlial.— The  oolt  =  10^  C.Q.B.  units. 
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TbuDaniell'soell,  that  ts,  the  cbemiool  alSiiity  otsxaciiaftiadog 
copper  from  iU  miiou  witli  sulphuric  radical,  is  i  '070  volw  ; 
fvtid  tberafove,  for  rough  jiunioBeB,  may  be  takeu  aa  »  volt, 
Remittance,  the  ohm  =  10'  C.G.S.  unita. 

Carrenl. — l^heamph-f,  — ,  =  10"',  or  "I  CO.S.  unit. 

to 

Quantity. — Tho  rmdirmh,  the  niimo  value  ua  tlic  iiiiip^rn>«oconil. 

Encrjfu.- — Thu  j<mIii,  thti  work  done  l>y  one  auip&rc,  iii  one  ohm, 
during  uno  Ncuuiid. 

Powpr.^ 'I  ht!  watt,  1  -7-  746  of  a  liorae-power,  ex^iended  in 
doing  I  joulitd  of  Tvork. 

Vebeh. — Old  itaniu  of  the  aiuiiire. 

ViTfiEous  Elkctkictty. — Positive,  developed  hy  rubLing  glasn. 

Volt, — The  unit  of  electromotive  force  and  poteuUal.  fioe 
Uuita. 

Voltameter. — An  apparatus  for  mouBuring  the  current  by  it< 
chviuioal  aoiion ;  the  term  ia  usually  limited  to  a  vessel  pio- 
vided  with  two  platinum  poles  for  the  decomposition  of  dilute 
noil),  and  with  talies  for  oollectiug  and  measuring  the  gases 
given  off. 

Viii.T-AMPilRB.  —  Energy  expended  hy  current.  See  Joule, 
which  \»  the  aituie. 

Watt. — The  B.A.  unit  of  "  jwwer."  It  can  supply  energj'  at 
the  rote  of  I  jouli>  per  socood,  and  is  equal  to  horsepower  '001)4, 
§427,  or  I  II. 1'.  =  746  walls. 

ZmcouE. — UaiiifjU's  term  for  the  aDodo,  because,  like  the  sina 
of  a  b«tlety,  it  ditwolvos. 
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AsMLtm  unita,  207. 
AbwrptioD  of  light,  946. 
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AooeUntion,  in  meohaDin,  20S,  21S. 
AeonmiiUtiou,  in  dyDsmoa,  478. 
AooDUDlaton,  •umiulaiy  balteriea,  195. 
Add,  factterj  aolution.  work  of,  114. 

,  itreuKlh  ud  E  H  F,  123. 

, In  aeoondArj  battarici,  162. 

Aoidih  organio,  in  deposiUng,  425. 

Actiniim,  53S. 

AdliMdoD,  to  prerent,  376, 380. 

,  to  Bean  re,  370. 

AlBnilt;,  ohemical,  and  BneiKy,  304. 
Air,  di-eleotric  itrcugth  of,  56, 153. 

film  on  aurfuci;!,  376. 

—      ia  a  ooniluctor.SW. 
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AlkaliM  in  mIIb,  lU,  127, 146, 

ia  MOondarj  batteriea,  166,  170. 

Alkalioe  nitrates  in  cella,  136. 
Allotropf ,  6,  352. 

,  eoerg}'  aa  ntuie  of,  557, 588. 

AUoTi,  depositing,  426. 

,  reiiBlsDoe  of,  264. 

,  apeciHc  htat  of,  199. 

,  two  onlora  of,  264. 

Alttniating  current,  nstnre  of,  292,  613. 

,  nwagoromenta,  218. 

(•«  Djnaiuos,  Induced,  Uotora). 

AltemativD  patb,  uf  lightning,  446. 
Alum,  chromo,  in  Latter;,  131. 
Alnminiam,  de|xigiling,  423. 

in  Ullteriei,  137. 

Amatgariialion  ufzinca,  112. 

ID  plating.  378. 

in  aacondary  batterioa,  165. 

Ammoaia.  nut  n  rsdioal.  342. 
Ammonium  chloride,  with  lioo,  149. 


Ammoniam     ohlotidu,    daugerona    in 

eleotrolyiia,  365. 
Ampirn,  the  unit  of  ODrrent,  21S. 

,  chemical  Talne  of,  106,  SI9,  813. 

Ampire-hour,  216. 
Ampere-turns  in  magnet*,  470. 
Ampite'a  mkgoetio  theoiy,  89. 
Amplitude,  436,  622. 

of  aound  waTea,  584. 

Aoglea,  pmpcrties  of,  178 

Anions  341,  621. 

Anode,  341,  621  («m  Carbon). 

ooneBjMadB  to  line  in  cell,  396. 

,  proper  poaition  of,  395. 

, nze  of,  396. 

Aqua  regia  in  ooIIb,  131. 
Aro,  muFtiple,  270,  630. 

lumps,  553. 

,  oarbon  oonaDmplion,  596. 

Toltalc,  549. 

,  E  M  P  in,  552. 

,  light  of,  651. 

,  prodaota  of,  S52. 

,  reaialanoe  o^  552. 

,  tMnperature  of,  550. 

- — .welding  by,  611. 
Areas  plating,  412. 
Aimatun',  magnetic,  100,  468.  474. 

of  djnaiDoe,  evolution  of,  481, 

— — -,  horee-shoe,  aotinns  in,  499. 

ring,  apparent,  482. 

,  true,  483. 

actions  in  ring,  479. 

,  Siemens'  H,  493.     ,  ; 

, dmm,  498. 

Aabestos,  72. 
Astatic  needles,  175. 
Atmospherio  electricity,  437. 

ohMgM  +  and  - ,  344,  345. 

Atomic  chugei  +  and  - ,  344, 815. 
combinBtioDa,  S, 
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Alouis.2. 

,  tinlunv  utifta  nt  umltrr,  S02. 

,  ptmBibly  roiujilei.  351. 

Attruftiuu  luiil  ri<)iulut>u,  20,  27,  49, 
89. 

.iDMtDctit^.  In*".  80.  91.  468. 

,  noltnilBr.  illnitnlci],  3t9. 

Auratw,  98. 

AntOButic  tmnuoittcK  S71. 


B,  IBIWWA  mgMtle  lino^  462. 

B.A.  tyflMO  oFmiltf. 

B.A.  rwintiKiw-  mul  thn  ohm. 

Biiliiiicti  (««  Bii(JK<>  IifJui-tlnn). 

BHllislii;  K<>lvau»ui(<UT,  101. 

I(ullli~LtiiiNg,  4-12. 

Bultmiis,  gulnnii^  (i»  CfIIb  ,  tOl. 

.. ananjtcinml  of,  lo7.  H9,  3?0l 

— -,  coiiBiciirtloii  <.r,  117.  i:w.  150. 

.  wrf  of  Kiirkliig.  tablf,  151,  ia».  * 

,  ,  *y«m"iiiy  Lri,  HW. 

,  ennloMd  •■■■illii  t»r.  IHU. 

,  ruDiJiiiiH  nla]  iicllonn  In.  104. 

,  new  »Q(I  u)iel(4*.  1 1 0. 

1  (uIwIbiiois  usvil  in-  labltv  102. 

Botteriw.  Serondnrjr,  l.'iS. 

,  iitid  ipsn:  iu,  1(^1 

. .  *UHilii!«  ill.  16«.  170, 

.  cbugn  nnil  .ii»ch»rg#,  1(8,  169. 

,  conaliuiTlinR,  100. 

,KM  Kf.r,  liw*. 

,  «iMfiili»l  iifllon  in,  168. 

,  IbrumUuii  of,  168. 

,  KMWIi  loM  vf,  IGD. 

,  KlBtorr  of,  158. 

I  nuUlIic  Aolutioiu  In,  IGO. 
^—1  -f  uiil  -  plain,  IS7. 
- — -,  propa  iu«  for,  158. 

,  (niiit*jic«  of.  168. 

,  ■ulplinie  of  lodB  in.  163. 

.  wDthtng  i^u[iMity  of.  167,  IfiB. 

,  vnrkliiK  lU'Uil*,  lUU. 

,  BPSsier. 

,  Vfn'a  100. 

.  Piugu^ld^  lltbaDode,  Id). 

- — -,  Plants  and  nodtHed,  I6S. 

,  WmUoI'i  bu<I  Pliillit>'*.  ITn. 

.  Wocdtrtrd'H  (CiDiupiuu'H),  167. 


Belli,  clietric  ijfiicni.iTX 
Bcrtliolol'i  «faFin'««t  1»«.  35*. 
Bcncliui'n  clicioii^al  thcoiy,  £>,  352. 
Dicbri>n)fllc  til  jxitiuli,  131. 

>.»ift.  133. 

Bii\rkn<'s'  cipciimt-ntii.  90. 
Bliickti'tvil  for  «lrotralj['n>.  3S0. 
Bl.'ni-liiug  liy  clitrUDlyti*,  S'o, 
BmLrit  (irTndi'  mitiliirlor  luli-*,  HH. 
BOTimit(Bi.l,(,  :;17,310. 
Boiiuil  ur  illHtuiiilHtis)  i-Iictriritj,  80l 

61. 
BuuTH-ul  uiid  thv  lul(<|itiolip.  579, 
ItnuB  di>)i[iBiliu|E,  427. 
BtFikk  for  ixiilH.  ,M0;  mutcutj.ASI, 
— — -.  d')ul)1o  couta«t,  231. 
Bridge.  B.A.  835. 

.  WhcBtaloBd'^  248. 

- — , . .  oonttnirtioii,  SS*.  881. 

. and  iwiiilanBc*,  SSi. 

— .  — ,  — ,  dc«iDMi,  aai,  'HO. 

Briglit  lUpoBitioTnwtalt,  415.  418. 
BrllAiinia  mi'ial,  ^niinK  on,  :(79, 4I0i. 
Biunxiiic  Oiip[>i't,  Ac,  4uSl. 
Brown.}.,  on  eontut  tlicoiy,  SIS. 
Braib   (h>   Dltcborgo),    ■Ih'niftllst; 
017. 

,  minting.  SXf. 

Buigin  dyiiamo  inncliilic,  4S1. 
SuiuuklnK,  412. 
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OabI«  in  tank,  rvlardiilicni,  158. 
Cnloriu  •nil  t«u  fluid*,  22. 
Cbl'TJuivUn,  I9S 

Ciilury,  iln  tau  vnlu.  s.  817,  303. 
Quidlfl  Gtw)  nt  bimxJ.  448. 

■Undnr<ioniglit.iG4. 

cncigy  ia,  5U1. 

Cnoui^lioup,  piopinic*  of,  (iS, 
Cn[i«cily(KcI>ii!loctnc,  ll«ffnatlo]. 

uid  iiurfMc*.  OS. 

of  cyllndnn,  platra.  Ac.,  <!T. 

«f  jti»lnof  waiCT,  l.VJ. 

of  Ui«  r*rtlt.  31(i. 

,  ■pedlle  indniTltvo,  TO,  71. 

, Hod  i*#r»f tlT«  index,  68, 

,  unit  of,  till-  I'luad,  VIO, 

Cutwii  (m«  a  ic,  L>lla). 

mUuiU  light,  547. 

,  nUotTopii'  Intm  of,  5S7. 

nnodca  Mlcd  on,  166, 

,  sittlloutl  platn,  ±t.,  1S7,  5U. 
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OuUn,  onDDeetiiig  to,  1::8, 237. 

n  battanci.  137,  aiZ,  321. 

,  reaiilance  of.  Z72.  273. 

, ftu.l  lie«t,  237,  273. 

Gwbou  (br  Krc  liLiupa.  333. 

far  ginw  luiujw,  5(i2. 

OtOa  (iM  Batterr,  Decompoeitioii). 

,  oiroal«lion  in,  cs-ieiitial,  140,  394. 

,  aioh  B  Bectlcin  nf  oircait,  355. 

,  E  H  F  of,  107,  134 :  table,  323. 

,  uDcloBei],  139. 

,  ftmduaetital  ilUttnetiom,  355. 

,Ji}iniDgup,  Iii7,270. 

,  alagle  liqaid,  dereots,  118. 

,  die  and  rorce  n[,  107. 

,  two  liquid,  priiiciplu,  118. 

,  uwd  M  voltamiWr,  118, 122. 

,  QMS  luited  to,  154. 

,  work  cnpuitj  of,  109 :  table,  151. 

,  acids  for  (tee  Namei  of). 

.BlkuJieiin,  114,  I4Q. 

,  ftlkniine  oitralea  in,  13S,  143. 

,  aluminium  at  ncgatiTO,  137. 

,  aqaa  regia  u  oxidant,  131. 

,  carbon  in,  117.  137. 

,  iron  in,  as  .f-  116;  na  — ,  13ti. 

, oxide  and  chloridu,  143. 

,  oxiilnnta  for.  136,  1 18. 

,  pUtinnni  in,  137. 

,  aalme  BolatioDi  in,  114. 

,  lilver  in,  110;  pintinized,  116. 

, cliloride  (Uarie  DaTj),  126. 

.Benn(.'ttB(lin-pnt},  140. 

,  bichromalfl  of  potoih,  131,  141. 
—  of»oda.l3;i. 

, ,  Voisin'B  n  d  salt,  133. 

,  Clark's  standard  E  H  F,  127. 

,  chlorine  (Upward'a),  131. 

,  chromio  acia,  131. 

,  copper  and  zino,  115. 

,  Daniell'a.  120. 

. . ,  K  M  F  of,  123,  311. 

.flat  form,  121. 

,  tlicoryof,l2S,  321. 

,  Callaad'g  gr>Tit}r,  12G. 

.  —   ,  Mciilengar,  Uinotto,  126. 

,  dry,  Qaaner'a  and  otliera,  147. 

,  roa,  Grovo'd,  dCc,  147. 

,  Lalandu'a,  oopper  oxide,  146. 

.Ixadiulphate,  129. 

,  mBnganaw,  Leclanch^  129. 

,  merciu?  HalpLate,  127. 

,  nitiio  avid.  Unive'a,  Banasn,  129, 

,  SunscbieS's,  127. 

,  lilver  oil  loride,  128. 


Oella,  SUter'i  iron,  143. 

,  Bmee'i  lilTor,  116. 

, ,  oddj  anil  radi,  118. 

Oemant,  for  celU  and  nitea,  ^>6. 

.for  glaaa,  coiiting,  4o,  18. 

C.G.a  «;iieni,  208,  210. 
Chaise  ((M  IndoetioQ)  48, 57. 

,  analogy  to  mat^stiam,  456. 

,  diatribution,  55, 

,  affet-ti  of,  69, 

,  induced,  68. 

,  reoidiial,  70, 

,  on  the  niHh,  216 ;  inn,  *o.,  4SS. 

— -,  tbeor;,  flnid,  29, 

, ,  molecular,  30,  59. 

,  to  diatinitaiah  +  and  -  20. 

Chemical  action,  meacorement  br,  194. 

combination  ami  energy,  301. 

and  oontaot  theory,  316,  318. 

Chemio  unit  of  current,  106. 

,  why  uaed,  206,  315. 

Chloride,  of  aiamoniuto,  145,  363, 

Chlorides  anil  B  M  F,  363. 

Choking  coiia,  C2a 

Chiomio  acid,  133. 

Circuit,  the  eleotric,  26, 319, 623. 

■,  actioDB  in,  and  around,  241,  3S3, 

-,  fornialioD  of  the,  79,  319. 

,  indootiTO  and  condactiTe,  66, 

— ,  magnetic  462, 624. 
OirculatioD  in  c«l1i,  140,  394. 
Clarke's  tjiiical  dynamo  maohineh  477. 
Cteuniug.  for  di^positing,  374. 
Glonda,  state  of,  in  thunderstono,  443. 
Coh],  and  etiier  hypothesii,  ZS9. 

,  work  ralue  of,  510. 

CoerciTe  force,  97. 

Cuila,  induction  (cm  Spark),  SIS,  52%. 

,  dimenaioni  ot  524. 

,  disc,  coustruclion  of,  523, 

,  medical,  528 ;  pooket,  dSa 

——  used  with  tulephonea,  589,  595. 
Coloni,  nature  of,  336. 
Colours  by  arc  light.  531. 
Colon  red  depoaita,  372,  415. 
Combination,  energy  of  (ma  E  H  F), 

309. 
Oombuation,  nature  ot,  305. 
Commutator   (tee   QmneotionaX    150, 

624. 
— ,  double  contact,  231. 

,  mercnry  cop,  188. 

,  reTeraing,  5:^6. 

Cumpoaodiug  dynamo  machine*,  302. 
Oondenaatinn,  60. 
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CaodenMf*,  actlnn  of,  in  totlM.  33S. 

-^, on  citcnit,  69,  61*. 

• .  niiLklng.  47. 

Craiilnclanoi',  £(»%  634. 
Coaduotldii,  n^turo  of,  1&I. 

Ill  lii|iil.l«.:<40. 

,  wlibiiui  al4Dlralj«i8,  M7i 

orh«l.!M. 

CoodaotinE  enrfaofv  to  obtain,  886. 
— —  (jitom  for  liQUcr.  ST4. 
OonduotivitT   («v    BosUtaoM).   368, 
87:1. 

Onnduotot  (Ma  Llshlning),  prime,  G24. 
CoDdnoUini  (m  WiTca),  17,  UlS,  624. 

— ,  law  ottMi  of,  saa. 

.  mtio  «f,  to  nattvaU,  Z9Z. 

CODDMtiO'lK,  TSri'lll*.  (i'H. 

,  block  all')  pliijt,  ISO, 

,  cMv  ill  anuicinjCi  181. 

ill  plHtinK.3Wi  08. 

UlHlM<lllliDl  pnlM.  V7,  619. 

OwtoTTBtioa  of  elMtticitjr,  610. 

of  metgj,  13. 

ConnlAnnf.  110:  of  Mils,  ISl. 
Contai^t  luid  ctlii-mioai  UiOriM,  315. 
Conicotiun  of  liut,  291. 
OODVOruon  of  nlwlrint;,  14. 
OoppiT,  blark  coatiiie  ou.  IIS. 

,  ilVposiliiij;  Kilo'lioui.  400,  12Cl 

, ,  imto  uf.  393,  404, 

on  linfi.  Umvn  K  U  V,  134. 

,  quBlitiis  of.  382. 

—  -,  NflnuiK,  434. 

•—   ;  tmnotlnf  ftotn  nlvcr,  SSO. 

rMlaUMK  unit  of,  STH. 

irirM,  d*to,  saO;  laU*,  SM. 

CoraofeolUiSlG. 

—  of  elMUo-oMXueta,  470. 

of  Iron  holii,  US. 

Comlcml  rlcdii'ilr.  f^S. 
Cortof  tatarlui,  yiS.  l.^S. 

I        of  energy.  Bloetri<\  51 1. 

.^—  —,  tius'hnDinJ.  SIS. 
^—  of  Ugtit,  dccuic,  SiiM,  968. 

of  nmUrikb  uatA.  lOK. 
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Coala«b-iBel«i»,  100. 
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Oo«l«r  clMtrtMl  funaw^  4tB. 
Clllfa,  0  unit  uf  toleiD*,  XDS. 

OrUiral    coioU,  motluM   kl,   5Ii7,  SM. 

eiw. 

C>f  BbUlintMD.  waliT  of,  SS7. 
Cuncot  (MS    AltoniBtiuxi   DcoihIt), 
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Curn-Dl  Aiiil  oucryj,  U«k  S96,  SSS,  SSB. 
nod    rc*t«UiKc,    raeJptOMl,    9H, 

33S. 

. Bj  a  tptriil  lotallon.  48U. 

,  chpniiod  n'JaUona,  106,  IS6,  21 

SSS. 

,  outv«  of,  asa,  295. 

,  deaoUioQ  uf.  288,  MS. 

,  iliagmu  of  tLcliouo,  S4S. 

.  vtkniul  ItiwTjr  of,  239. 

,  pit™,  458. 

.  beb  rdotcd  to.  341,  SSa 

from  itatio  nndiiiiot^  41. 

,  bjrdmitlia  Btnlogjr,  Si\  29S. 

, nnd    ttloctiic,    difficre&M 

243. 

,  inducnU  thcoTT  of.  2.%!,  2ni,  408. 

,  Ibwi,  >.f,  ■HI.  aid,  a92. 

imagiiHtic  K'likllori*  of,  ISI,  47( 

478. 

,  ndis  dio^nun  of.  205. 

,  >qture  of,  and  Bork,  38S. 

.  Icoiioii  of.  842. 

,  nntU  of  (iw  .\iii]iti«^  Cbtiaio}. 
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SSI. 
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XNmaity.  00 ;  and  •urfaon,  37. 
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,  unit  of,  392. 
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pepvail.  ntoof.  303,  «M. 
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DiariniDUted  electricity,  Sfl,  61. 

DiHoeiaUon,  343,  S68. 

Uataiice  mad  forcu,  law  or,  49,  52. 

in  depiniting,  Sy6. 

■ of  magiiet  and  anDBtore,  01,  468. 

DislilUtiao,  ilcttmotiTc,  358. 
Diathbulion,  elaatiic,  55. 

ot  light,  547. 

D17  Iwtteiiea,  I  tT ;  pUei.  15. 
Diikl  DKtnre  of  elMtncity.  77. 

■        magDctiim,  43C. 

Dnlongi'i  Ihw,  not  miiTsnal,  351. 
Duplex  telegraphy.  571. 
Dyniiino  oitLchiiiei,  t7G. 
— — ,  sad  mutoni,  diit  [notion,  507. 
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,  E  H  P  of,  503. 

,  uTOlatioD  of,  480. 

,  LiHti.17  of,  476. 

—      ,  reiistuioe  of  puts,  504. 

,  lerit^t,  501 :  Khiint,  501. 

((M  ArnitttQiCB,  Field  Mag^iot*). 

DyiM,  COB  unit  of  force,  208,  210. 
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Barth,  the,  •  magnet,  M. 

battery,  146. 

,  capacity  of,  216;  charge,  4iH. 

dicuit,  DRtare  of,  287. 

CQirenta,  431 . 

,  meaaing   of   romiectiDg   lo^  31, 

626. 

not  a  MBervoir,  23,  33. 

,  platci,  448  ;  te.ting,  4  49. 

Ebonite.  34,  38,  72. 

tranamita  lieat  rayi),  546, 602. 

tube*,  (0  inaki;,  518. 

Bddy  curronts  (*m  Foucault),  166, 616. 
Edioun  effect,  566. 

Effective  current  and  R  U  F,  218,  566. 
Elaaticity,  analuf^iia  to  induction,  256 
KUctrioiiy,  nature  of  i*ee  Diial)  14,  St. 

not  oonverlililo  lo  heat,  14,  197. 

,  speciSc  lieat  of,  608. 

,  two  factora  of,  12,  452. 
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ISO  PtMt,  nil  20  luMiunov,  Fimi.  tCIH.  fnnu  Pwiii. 

AM*  frou  tbt  (WtnaUan  of  Ibi  (ublKI  ItKlf,  lb*  luUmr'i  tvf  iltUaa  Irndt  ■> 
■J-M  chAiTu  u>  Ibf  wiktl.  to  IhM  Xh*  tf*Ai7t  14  iitit  itnlj  Umou^hiy  Iniirrirl^).  but  pHl. 
Ortif  (titmi'm-il.  Tlirn  m  (rv  Inhnlol  "itki  or  vtikh  thU  am  tw  Hlil.  (ii>l  ••«  tUak 
fa  tOthrt  |ir*U>  Uku  Uila  iwi  »•  bnlowvl.  Tb>  vutttthiiuluiii*l)rru<>''n  iiiilodMrlxpa, 
•nd  ■>  tr>  tU  W  MU  lb»  tli*  UuilntlaH  ■»  «ai  uJ  inll43«utii4  Uuosiboiit 


SPOK    at   CHAMBERLAIK, 
#*  C^rtJatidt    Street,  ■       t^^-w  "V^vNit. 


>3  Ftitiint  Platm,  i^J  UlaMrallooM,  >in  patrig,  410,  Clotb,  t^.ao. 


CONTINENTAL 

EleciiiG  LHt  GeQlral  Stalioas. 

WITH  NOTES  OP  METHODS  IS"  ACTUAL  PRACTICE  FOR 
DISTKIIIVTtSG  BLBCTKICITV  IM  TOWNS. 

i  in  part  from  the  Rcporti  mjirla  fat  ihv  Cwifi'ru  af  the  Gcrnun  Municipal 
Hm  en  Iht  occMinn  c(  IhPI  vliH  lo  lh»  In ifmiii tonal  KleciiicjJ 

BV 

KILUNGWORTH    HEDGES. 

M.  Imi.  C  E.  ahu  M.  1»i.  ^  Ik. 


bjigtalldi^i  Ais  work  the  audoi  liui  >  tircfold  obj«cl :  fintljr. 

HiKMrillli'iitiiilil  iif  DtMlntf  Commhtees  and  otticre  tiki ng  upllieqoM^ 
lioa  of  liie  introduclion  of  ttcctricily,  to  nbtain  >i  rapid  sunv^  of  uliul  Iia'> 
been  done  on  the  CoDtin«nl  of  Europe,  boih  on  >  large  ud  onnitl  Knlc  :  and 
iccondl;,  to  eoAble  Elecirkal  Enerne«rs  lo  follow  ihoie  Arrangemenls  for 
iJLtlrlbut!n£  etccincity  wbich  tlilTer  from  Ihe  utunl  F-nclUh  ptaclk-c. 

At  iho  sutcecttlnn  ol  ihc  Comniltlcc  of  lUe  iccmt  >  r^nkfurt  I'.xlllblllon, 
Ihe  prinuipa]  Ocrmaa  tlpctrical  firmt.  »nd  eilhw  u*rr*  ttt  rlc^ric  liijlit 
tciMncd  fully  opon  the  variou*  *T!tem«  ailoptecl.  Tbne  combiaod  rtpoiti 
WTK  pr<M4iicd  lo  the  laember*  of  ihc  inunlci[wl  •utboriiiei  on  Ihe  octMsio 
of  ib«ir  viiit  to  Kr«nkfort.  tijr  pc^mia^vvn  ol  llie<oiiiribiiini«,  ihesuthop 
hux  htxn  eD»b1«d  10  ivail  himself  of  a  good  deal  of  llifir  vahmblc  informn- 
llon.  and  hits  alto  rcprodiic';d  mutj  ol  the  wotklng  dnningi  and  skticbo 
of  itic  elfclrical  diiirib'itin^  arnsfjioncnti.  A  dcMriptlon  of  fome  ceoirJ 
fUlioni  vhicb  be  hat  vUlitd  duiing  tlt«  last  two  year*.  U  aim  added. 

T  lie  nrloua  iniitallniloiii  arc  grouped  under  the  bnOlags  of  PART  1— 
llitrh  l-rewure:  I'ART  11-l.ow  Prcwtart 

In  PART  III  H  a  doctipiion  of  ih;  pWiiMcr  cnicrprlie  »f  tranxnittjo 
the  power  of  the  wai«rf«lli  at  Lauflcn  at  aleciTkiil  energy  to  Kraakfott,  1 
dittan<e  of  los  tnlle». 

Ihii  work   c-^iKbdc*  with  a   >ery  cnDd*e  Explanation  of  Technical' 
Termt  (or  Ihc  benefit  nt  non.iwofnnional  rwJits. 


SPON   fit.   CHRlA^tW-tkAH. 
12  Cortlandt  Street,  .  -         .         - 


Hfe-**  '^<»^. 


i 


CuNTlNENTAT.    El-E'-IKliJ     LlCHT    SpATCDNS, 


CONTENTS. 

Part  1,  —  Hij-h  Pressure  Dislribution  with  Altcrnaiing  Current  anJ  Trans- 
formers.  Inuludes  the  systems  adopted  bj  :  Gatu  &  Co.  ; 
International  Electric  (Jo.  :  Oscar  voo  Miller  ;  Aliolh  S:  Co.  ; 
Ilclios  Co.;  C.  &  E.  Fein;  Brush  Co.,  London;  and 
Hammond  &  Co.,  London. 

Part  II.  — Low  Pressure  Distribution  by  Continuous  Curre.its,  either  direct 
or  with  .Secondary  llatteries.  Under  this  head  nc  find  attounis 
of  the  work  done  by  Ihc  following  firms,  vii.  :  -  Schubert  S:  Co.  ; 
llagen  Co.  :  Siemens  &  Halske  ;  and  the  .MIgemeine  Elektric- 
it.'iis  Gcsellschaft ;  Egger  &  Co.  ;  Khoiinsky  ;  Einsiein  Bam- 
berg &  ("o.  ;  Kremeneiky.  Mayer  3i  Co.  ;  Kummer  ;  Esslingen 
S:  Co.  ;  N'aglo  Bros.  ;  Edison  &  Thomson-Houston  Companies  ; 
and  Cronipton. 

Part  IlL  — l-anflen-Krankfort  Power  Transmission. — Electrical  Measuring 
Instruments  —Conduits  for  Electric  Mains. — Distribution  oi 
Electricity  Conpared  with  Gas.  — Load- Factors. — ^Nelworlc  of 
Mains.  — In  teres!  of  Gas  Companies  with  regard  to  Electric 
Lighting.  ^Continental  Central  Station  Practice.  — Cost  of  Elec- 
tric Light  Abroad — Relative  Cost  of  Electricity  and  Gas. — 
Extracts  from  Board  of  Trade  Regulations,- Electrical  Measure- 
ments.— English  and  French  Measures.  —  Resistance  of  Copper 
Wire  in  English  and  French  Measurements, — Explanation  of 
Technical  Terms. 


25  Folding  Plaits  and  153  lllustraiions.     210  Pagta. 


4to.     CLOTH.    $6.00. 
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Iteo,  tMK  COtKliiiing  G3  pagta  irilA  7  (faaifmmt.    prtct  U.iS,  atnt  iiMtpaid. 
PRACTICAL   DIRECTIONS 


roK 


WINDING     MAGNETS 

FOR    DYNAMOS. 


PSOPORTlOnS.  AMD  METBODS  OF  Vmrcma  FIELD  MAOtrSTS  FOB 
SHOTtT.  SSBteS.  AXD  OOMPOITHII  WOOKD  MACBIKES. 

£Y    CARL   HEBINO. 

The  kiin  of  tb«  writer  Iim  h«Mi  lo  ilMoribe  m  bricRjr  as  |iMHibl«  n 
pnutkal,  rrlialilo  nml  W'^ll  IctI'.-iI  mrtli'iil  fcr  (Irtfrmining  tlic  proper 
vindlng  ithht  i»  the  hJm  if  llie  witv  nn.l  llio  notnlioi  of  turn")  o(  Ihc  coiU 
for  llui  lua^npU  o[(lyiinai<it  whirb  mm  ilntittncl  (oin  imUiti  ilcflniii:  oiitimt. 
Tha  mollKid  (lucnbcil  io  ii  llionniKlily  I'lnclicnl  ohd  and  cliiiiiantcsi'iilinily 
Uie  oliJocKooalils  tlmimt  nt  "fninKJDii"  or  «(  nukiBg  nnmciDnn  ttiul 
cnk'alnttciM,  IIiq  iBeilKMl  at  ciUcuIaiIiik  (ha  vinAltiK  h  oppUoalilc  ujnnlly 
vrit  to  nil  tfiitK.  titM,  Hfld  !>t}'le«  i>t  ■iiii«hin«ti  uul  i»  <<aljr«ly  Indeixiod- 
tat  of  any  Mt>itnuj  '^ooiutiuitii"  whkli  (1iS«T  im  grfally  vlcli  iUffera»t 
■uiwUiiM  tbn  thi-y  KK  ot  no  nw  In  llic  pnK-tii»l  cimslraGtnr.  BoddM 
gitiim  lli«  pro]KT  Klie  uk'l  nnnilhKr  ol  iim»  of  tbo  wno,  t)ie  netbutl  ftiM 
■liotin  wlivtbni'  Ihn  oIIit  prriponlon*  of  ilm  lUArliiaeninilii*  hc«t  and  moat 
MononaiMd  <ui>l  it  om,  Imw  ntxl  »Ii«to  i1i*j^  may  be  impnniMl.  It  u  llinro- 
f«r«  klM  n  RlikUe  ^ida  for  oiuniiniiig  uMtiiiMii  with  m  I'mw  to  imprAviug 
•ltd  1t)ln•l■^1UiDf;  (Imid. 

Tba  In-k  i>  intcndvil  Enr  th«  praotlml  ilyuMo  ilfiliKiM^  tind  ton- 
BlrucUir.  (ID  v«lln<^fi>T  tli«  Htuilml  t4  cliclriMl  oigiiiMriag.  Tiif  eaUin- 
laliirti'  luT'ilrcO  ur«  nil  of  ft  vi'rjr  Himple  tinltir«  oad  tony  1m  nnilo  by  anj 
i&t«ltig;«)l  Ri«chatii«^ 


SPON  &  CHiS.WBtft\,MH. 
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NOW    READY. PRICE    »6. 

ELECTRICITY, 

ITS 

Theory,  Sources  and  Applications, 

JOHN  T.  SPRAGUE.  M.T.E.E 


Tin  HI)    EDITION. 
TfaOT«uglUjr  B«TiMd  and  Snlarfed 


iMtlnn  :  AUUu  «r  Frietioiul  EU«Uldt7 :  Uk^jnetinni ;  OulnLiile 
UfiwiiieniMil  :  Cnrri'tit ;  L'Midai^tivity  ftnd  ItoKinUnco :  Et«a- 
ttfrnMtiTo  Potv«  :  ElMtml}^  ;  Clvrtm-mnUllargy  :  Rlri'irrvmiiffnt'tiHin  ; 
T«nMUl*I  EtcfltricUj ;  DMliio  U^tiag ;  3Um«1Uixmu>  :  IMoliouMt^  ul 
TstiiM:  Isdsx. 

Him  *ditka  u  no  »•«•  nprinl.  Titj  mbIokm  I«m  titan  oxnnilnWI 
4Im1  i-T*r;  aouto^  ot  intxniiiittuB  undlnl  tn  briiitt  Ui*  wMk  tnlly  il|)  to 
>ln|f.  Obottiif'!  oi  llir  IkwIe  U  r«<irrtli#n ;  nuiliinK  "I  oMiR^qavBco  Km 
htMt  (itiiiltiHL  till  to  Make  rvotn  for  the  n««  aialtor  now*  of  (lie  l««8 
Inporliuil  illuhlMiani  linre  Immi  Mt  Mid«,  nnd  oJl  lUuiMMmnr  wordH 
«iit  dnvn ;  Iml  lli«  vork  ■•  »  whold  rom*uw  whM  it  wnn.  tliv  «ipriniii<iD 

Tit  oriffiBal  tlicniRlit  nn>T  vc>rk,  ntt «  mMnt  orlh«lo>  (oit-hnolt 

UUaj  unr'  fiii'l*  ((iiiiKt  in  nil  Dttiet  Uralu  on  cIvMri'  itj  Kuiy  hnr«  tie 
nuitl*^.  nr  niljr  ili^liOf  gianc«l  nt  :  liul  an  Ui«  Otbur  hanA.  !-rin'ii<>a 
■r*  <I''hIi  n|Min.  itnil  tkr  inntmnirtiiii  nccoMor^  fur  ttMor  iiliidy  fully 
Mpl-iin«<l  M  tlut  tlKH«  who  mty  batf  toaia  modutiicAl  a):titriilv  inny 
(»n»liuii  thvm  foe  ibuiSMlvfn,  lit*  TMy  btut  powlblo  Kuy  oi  uiidnntniid- 
lag  ibem, 

047  iMtg«a.  Ultutrntod,  ISmo,  doth,  priM  96. 
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THEOKY    PRACTICALLY    APPLIED. 


SHORT    LECTURES 


ELECTRICAL  ARTISANS. 

JXlSli  A  OOl'KSU  OF  UXPHtttUKXTAL  LECTURES  UKLIVEUKD 
TO  A  MtACTICAL  AL'UIBKCE. 


BY  J.  A.  FLEUIXO,  H.A..D.SC.,  (Losdok.) 

I.  Mimnolliuihnn.  ilntoK'tic  iinlniltv.  Liutii  at  ii]«^d«11o  fOTML 
MiuiHuri-iiioiit  lit  inoj^nelic  UrMt.  MugTiiTit^'  rwiUtuQL'v.  PunuMblUty  Uid 
RUcoiiUbiUty.     Kut  II  rut  toil.     iliiu>i<'tiL'  llivciii<a. 

a.  Ocr«loii'»  (iisuovctiw,  PikM  >-(  imlniniil.  Mimir  KnlVAUqniulff. 
F&rnday'H  luvi  ol  i&iluvlion '<(  cumntii.  Tcni-ktrJal  iuctgii«tk  Iniluctkiii. 
MBoiiionic  rulo.     Elociho  im-rliii,    tSi>Uori'1iicli»ii. 

'i.  Mii4^vttHiit>  forv.:.  [Jf^'irn-niiiKnf'iii.  ICII-'i-u  of  tonlon.  Cutvm 
of  niiieiiiiliiiiU"!!.     Wifbiir'n  niiii  Aiii|iwt'ii  liviiollifxth 

4.  Fuiui>  of  (Jci^Uu-uiiigiiC'tii.  Lonu-pull  iui4  wi>l(tht-«nnTiDf  Vntft- 
DniK,  Fiiild  iiingncU.  FuuiLuuIt  or  ea<\>f  ciirrauU.  UidaeUoii  «ollii, 
Iji'oundnry  KnaomUint. 

G,  V.ti.H.  tyiitrin  of  olsctrioal  tncnamvinMit.  Fnuilnnioiitnl  iitiltii. 
!LI<-<!liruii>!ii)  iinitn.  Elnclria  ntiil  inngnnttc  nnitx  oi  RKOJiiiKiuaBL  Sum- 
Diutj  unJ  Libln. 

6.  Prnrli(?4il  uait*  f<ir  luituiiiriiiM  dootriu  •(UnnllUct.  Volloaxttn. 
ElttctiD-tiliKniii'nl  nielli  til!  r>Di>>.  Tnng'^iit  KiilvnDoiii«(#M.  CarrMtil-mw*- 
nrUDMit,      Aiii)>c-r«iii(>lrr.     DfniuuoiunlnrK. 

9,  Inatrnni''nU  fur  mciMuiint!  clm-lruiiiotlva  foKa.  Iaw§  of  cwTMit 
flow.  VflllaiuMw.  CnrJcT.  t>Ir  W.  Tboiuaao.  Ayrtoa  kail  Ptrtf, 
PotMntiamoUr.  BMlKtoncv.  gtundimlN  of  nsiaUaDe.  Biitlkli  Aaaoclatioa 
nnlL    Lcj{n1  <ihm.    WliofttHlotin's  tirldite.    VMI-maUr*. 

&  nimaQ'  nniil  —eoniary  c^l!*.  EJectrnlirMU.  Plnnto'a  rmiMiKba*. 
Eopisy  (Uvelopi'il  br  primair  clltt.  Fonn*  uf  primtuy  btUUrlM.  Sl«nd- 
ud  DauifJl'it  oUI.    htnadiud  (.'InrL's  c«U.     Mmlaru  Swiondarf  Ii«II«t1i>& 

9.  E^lni^tin-mnlbrk.  M«wiiJ«moDt  Ol  work.  EIIloi«neT  of  uolotai 
Dooatjciti  liotwdi-n  atinntiira  anil  flriil  iii*gu«u.  CoaiiUr-ol«clroiii4tiT« 
brco.     Mootiirciuout  of  ndlcli>Iii--jr  of  iiioUiri'. 

SECOND  EDITION,  ftEVISED. 
Orvim  wstmyt.  dcifA,  (PRICE  91.60  i  '.ilOJ»^/»  teill,  73  UlialmHont, 


»   OorCIandt   Street,  TA^w  ^'^i^-" 


i 


Hotss  on  Dgsign  of  Small  Dynamo 

BI  — 

GEORGE    HALLIDAY, 

Tliiu  biiok  hng  bei-n  miiinly  propsreil  for  tbo  jiarpuHc  ol  Hiipi.ljiiiB 
druvriu^H  oF  a  small  Jyunmo  of  a  wtllkuonu  lyjic  to  tunliU  >^tii<lculH  to 
belter  uurlorNlanil  tb«  coDHtniclioa  of  tliis  mncbiui.  ami  lo  liiiudlu  ILo 
different  iloiniU  <•»  the  lectures  wbkh  tliey  are  nttcniiing  od  tLe  subject 
are  1 1  nice  CI  ling.  Tlir  ty['e  of  dyaauo  hnH  been  au  cliuxeii  tbnt  it  will 
alluu'  of  i^unsiLlenible  giidii))  biiug  taken  in  the  work-b'^p  uitlijtscou- 
btructiou. 

79  Pages,  illnstrated,  clotb,  nith  a  number  of  DrEiwings  to  Bcale, 

$1.00. 


NEARLY    READY. 


,  anil  liof  to  Goistrnct  it. 


WITH    A    CHAPTER    ON    SOUND. 

By    W.    GILLETT. 


Th  s  tittle  work  deals  with  the  coDstrui^tion  of  the  Phonoora;  b  in 

eiioli  a  vl"'!!!   Etmightforward  maurier,  thnt  the  humbleBt  student  of  the 

PboDOKni|>h  vril!  c'earlj-  nuderstand  its  const  ruction.      Witb  this  little 

work  are  a  Duml>er  of  diaviags  to  Kcnle   of   the   various  patta  of  tbe 

PbonoKrnpb. 

87   Pages,   12mo,   clotli. 
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VOLTAIC  ACCUMULATOR. 


AN  ELEMENTARY  TREATISE. 

BY  ^MILE  ({EVNIER. 
BY  .J.  A.  BERLY,  C.E.,  A.i.C.E. 


Thit  Trpolliie  dctcrlbcA.  lu  a  dlOiiciic  maimer,  ibi;  wliolc  of  ihe 
practical  ntiil  >cicnliflc  nctiutnliona  mndi-  ta  Uie  iIomniD  o(  tbc  VoIiaIc 
Accunululor  from  Ptsnt^-  to  cur  day*.  It  lirlng*  (n)(«lli«r.  sumun- 
Hie*,  cxplntn);  nnd  cliuailka  lli«  noiiuna,  Ibeorks,  aod  iuveDUoDtrclallng 
to  aecoDikr^ciirrcntB, Rcid  rofkwi itiG  priiidpiil  applicatiou of  tiic latter. 

COKTENTS. 

PlBT  I.    PrnxciTLKe, 

Dafialtiona.  VolUuicti'rniiti  iii«tn11Ic electrodes .  Sccomtnrrclcc- 
U-CPincAltc  tiircr,  Sctrondary  polurilic*.  VolUlc  accannUlorK,  or  xc- 
nrnlar}-  Ixittcriek 

TollaniBUr*.  rinitoum,  Icail,  caibon,  and  coppar  TotlMnplvn. 
V')]tni>iti(-i«  Willi  Blkalloe  amalganu.  ladustrtal  VQliaii»ete>t.  (.'laial- 
ficaiioa  of  acctimiilitlor& 

Pabt  11.    Voltaic  AccratULATOBB. 

FLanli  AconmnUtorfc  Pluaic'i  ariginal  tecomlarj  cellt.  BmodA- 
arj  ri-lU  'Jilili  i-araltitl  cUciiodrs.  8pirs1  accumuhton.  CbcfBlcal 
rp«iil**»  ill  Plaui6'»  wcoiMlarj-  wilt-  F»riiiaiI<Mi.  Voltaic  capadlj. 
O'lnatunto.    AiitogefiMiu*  fuo'iiiiilk.ii ;  liet«rogmeou«  rormulioa. 

Accomulatori  of  Ibo  Plaoto  typ*.^->AittogM«oaa  fonaatloit.  Ac- 
iiimulolors,  luifat-e  fotinatloti.  F«i<ai«(l.  T«mma^,  Do  Kahaib.  lead 
wire.  Slountn  and  ttvj'iiier,  and  lead  sbot  accumulalan.      tla*'''  ''ec 
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rut  VOLTAIC  AFCtlllVI^T'm. 


lrad«  accvmuralora.    Ekrlrode*  rtndeml  pennaUe  hj  Ui«  eitmtnaUon 
Ikd  anxiliuy  tnetol.    Sutpbttrcttnl  electrode  aocuiatilatori. 

AccDmuUton  ot  tb*  PUnti  typo.— HDtarog«n*ou>  tormatlon. 
IccumuUtoM  Willi  oildp*  or  Insoluble  lt«d  aiu  Juxinpoacd  lo  vonduc- 
live  lupfiani,  CkoiIIIf  FuurG  •fMciD.  AccuDDulalor*  wiili  Teticulatcd 
cIcctriifW*  AWeA  wlib  ilnt'lf  (llvlfltd  lead.  Volckmar  fjMctn.  Acciiicii- 
]alvr»  wilt)  »ockt(ed  oiUlt*.  riiiirc"'olckmai'  »f*«in.  Scllon'*  fraltoga 
of  lend  ■nil  antimue;  atbty.  DMibI«  ulcctrodn.  HoDDliDg  lu  colunui, 
bj  O.  i'hitlprn't-  Mixed  accumulnior.  A^lomcntc  oxuIm  of  lend 
electrrHUa.  THhr,  jn-roxldc  of  Iwd  clMirodM.  Pranhland.  ngglom- 
erai«  dtctnxltt.     Blectro  ctwinical  furmDlJon.    Monuuil  accumulnlun. 

BUacaUanaoiu  AccumuUlon,  Lead-copper,  leaditoc.  D'Araooval 
and  CHrptalEcT,  iirj-ulcr.  and  BallT]-  accamiiliilors.  I'atliliii-  tolution. 
Athalirii'  lincHte  acruiniilntor*.  lie  r^litiiilp  nml  (.'hupcron  n.'cupnralive 
baUoricf.    CommcllD-DaiBanmB-Bnlllaclia  accnmulaton. 

Part  III.    Techsoloot. 

Tacluiteal  gaDaraliliea  coocemlng  Aocoranlatecai  OoniUot*. 
ElmTDiuoilrc  fottca.  It<r>fitniice.  I'liwtr.  Volintc  capadllct.  l.'w 
ful  or  norma]  voliali.- miMicily.  Work.  DlHliurg^dlafram*.  £IBcIob> 
dt«.  WclgbU  la  rclalioD  l«  power  and  wo»|(.  Life  of  acciimulalon. 
Hcdempttoii.    Fonnula  of  merit  of  &  aytirai  «f  accumulnton. 

Paiit  IV,    AppuCATiOxa. 

AppUcatlona  o*  AcctuBalatoni.  Qcneral  remnrka  cm  the  chnrge 
of  aecuniutalora.  First  nppUvalloiii  of  KrubAnry  (dtipln  I>y  Vr.  0. 
I>liuiii-.  AppliCDtiooa  lo  Klcnliac  n-warrlicf',  lo  tclc^tapli)-.  Ulpplioby, 
dockmxk,  «(c.  ApplkatloB  lo  di-cirlc  U}:litiiii,'.  Aud  to  ilie  corrctii 
lt^lHriia)Iuoo(iiucUiita:r«KulaliDf  vcJtntne<i't«.  Welding  of  raelala. 
Pruductioa  of  mollvft-pnvrr.  Electrical  lociRiollon  cm  iramvaj*!!  and 
on  roada.  Electrical  navltrallfiD.  Traiumlwlon  ard  dlslrlbutloa  of 
cner|:X  lij-  inoanaof  atoondarycurreota.  Tran*lnlloDordiiiplaccin6iitof 
eDer^  by  mrant  of  aceiimulalnn.  I^And  carrlaftc  of  energy,  Wntor- 
canlafe  of  eDorgy.  OapHon  of  nalural  furcea  by  DiMna  of  accuuiif 
■alma. 

With  03  illutinttiooi.  iboiriDg  llie  rartona  pari*  of  lbs  accuinula', 
tot  and  In  lu  oonpleU  form.    20!  P«g«.  Bvo,  clotli.    Pricr.  •a.Oft 
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PRACTICAL 

ELECTRIC  BELL  FITTMG, 

*  TREATtse  ON 

rwe  FITTING-UP  AND  MAINTENANCE  OF  ELECTRIC  BELLS 

AND  ALL  THE  NECESSARY  APPARATUS. 

BY  F.  C.  ALLSOP. 
L    Wiring,  soldering,  and  joiniiig  wira  taxi  earth  coDneotions,  witk 

7  UtutlTtttiOBH. 

9.  I^»h«R,  pnlU,  ci^DtniJs,  nnd EnililiK.  itHh  40  iUiigtraltrmt. 

3.  Ilflll*,  rclHfH.  anil  iniJicntorn,  wi'M  'W  UiugCrall'mii. 

4.  nMUflM,  irifA  13  illtutratimin. 
G.  Tb«  MBgUflo  bctl,  v'lllx  1(  illuaimumt. 
G.  C«tiIi(>cU&g-ui>.  >Tilh  9  jUnitfraliuiia  in  |;t«  ted  and  7  /aiding  plaSt» 

thoving  ritryfortn  </ eoniif rf ton  Ii'itriy  lo  he  tittdoL 

T.  The  (IrtcirKir,  uuil  loonlitia);  fanllB.  ttilh  3  IJJiutnrifon*. 
b.  Puttublo  HCU,  irif/i  4  iliittmli'mi, 
Tb«  ung^vini^  »liov  In  tU [oil  iLe  vnrloiu  kinds  of  p(i"Ji  buttoiu,  buxitf 
buttooH,  window  cnticptioox,  ll'icr  ronriorlii'iix.  hu  ili'lirn,  tivlts^Hiib  «oii. 
triTBDco  for  conlinuoas  riuBJngl  I'linti-n-,  reluji.  iiidiml'int,  Imltvilni,  nu^- 
B»lo.Lt-llB.  The  nirtliod  i>(  outin«<^in).-'ap  for  i>tii>  pt  ■  number  of  pvulMK 
tnr  i[iill«nt(itii.  riiiKirid  u  nnmin'r  o(  bf-Itu,  HgnaJlitig  in  loth  •liroction*  villi 
oat  wiiv  nuil  Iwo  bttlvrtw^  oloitd  kuil  <>[imi  circuit,  «la^aUi«  doddmUoiw, 

/■RraS  XOTtCES. 

Tliomaiiicboni]Ul('r«thiKbi"ilc  «ill  bciti  pvrr;' vftf  (lUuUfiedforhi*  work, 
Bbil  may  lie  iintcly  vQiru«ic>l  u  ilh  i]i<!  Inn-i-ai  c-^niract'L     tClfflricil  Wwld. 

At  A  «<'rk  I'-T  iltc  ptnciidil  oiirl  worklii).'  clvctricinn  it  in  nioiE  complxt^ 
and  H]U)>D  toUii'iiirii1iiublcni<lnii(l  iunlruvtur.    Tbt  Mniivfarlutrr't  (ftiitltg. 

Eviiry  one  cnnncctcil  nilli  ihr-  bll^illp>l.^  ot  clirtriu  bdl   lilliuu  k|ioii1i1 

firopuin  ntiil  iciiil  iliii  brwk,  B^  il  i'<  briiufnl  of  valuiil'lc  iuf«nii:ktji)[i  itail 
DMiiIctiou  upuD  tlie  Biibjcct  of  whicb  it  Itralo.  Tliebook  Lh  aniii'ly  i!l>ie> 
Inilci.)  by  nearly  loO  vuiH  nud  every  jiaint  in  ?Uurl]r  eiiilninrd  ntiil  plninly 
dnmoQilmtcd.  It  in  crUldit  froni  nn  «iaiiLii;.AtioQ  of  lliiii  work  lliiil  llif 
katlii>r  !■  IhoroDgbh  <v?'jiiiiiiii-'-l  with  )iix  K'lbJL'f t  unilknovii  wLiiil  Lrln  Ullc- 
ingaboiit  and  not  onlf  thut  bnt  be  kncinn  lio«  to  jilncs  the  iiiattM  1iv[->rA 
Um  icftdvn  in  «aeh  a  wivf  tliat  it  ran}*  be  rendily  undemtuod  hy  t.tiy  out  o( 
erdinarjr  intdtiBcnae.     7!he  JroAilediiroi  iira. 
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MECUAMCS'    OWN    BOOK. 

A  MANUAL   FOR 
HANDICRAFTSMEN  AND  AMATEURa 


Tb*  titl*  <tt  tbia  work  ■bnofcl  Min«<M  to  in<31rAt«  Uio  ohnnioter  of  tho 

oMiMkU,     Th«  mioiM  mcchnnUul  IrailM  lllM  -teftl  wltk  tlivmBVM^B 

et  wmkI.  Biftab,  anil  t.iaac  into  naefnl  obj«d>  nra  eipUliwtl  bt«a  «i 
trtry  (bj  pnwtU«l  tI#v. 

Tba  nMliod  of  tTMUnenl  ot  «uli  bmuh  b  ndMitiflo  ]r«t  nntpl^L 
Firit  in  order  miBcii  Ike  niir  maUsi&l  workttl  DpOR,  Ita  chatnctan,  laii- 
bUom,  kDil  ■nilaMlity.  Tbon  Um  tool*  niied  bt  vorkiug  n|i  Ui«  tnntniiil 
wo  *x*mln<vl  an  i»  lb*  pri&dplM  on  which  tbdr  Hhapo  ukI  mnBipnlt* 
Ika  im  bMMl,  InclixUBg  Um  nuams  adopUKl  for  fcooping  them  in  order, 
by  plBilum,  tamp^riBR.  filiiig,  NtUBgt  haB<lUn)c.  ■nil  cUuiing.  A  (bird 
MctioB,  wbnw  avmtmry,  i«  d«Tol«d  to  <npUiiiiD|{  atid  illnbtnlltis  lyplcal 
UtatoplM  ot  lli«  work  to  Im  «X«Otil«d  in  the  inutii-nlnr  luatvrial  nndcv 
■oHm.  Ttnu  tti«  book  fonm  «  Doiiiplota  gnicta  to  «U  the  ordtoBty 
MMhimkBl  opantiaraa  ;  and  (rhJIrt  pratwaioDal  wodnnm  will  Bnd  in  H 
Biaojr  nsgOlioiMaa  to  tbo  diroctiali  In  vhich  improruoMila  abonlil  hv 
aimed  at,  uaaUm  na<1«n  will  b«  glad  to  arail  tbomiwlvo*  ol  the  aJniple 
tllivcii«&«  uid  ingcoloDB  dcTieaa  bj  whleli  ibcj  ran  In  ■  gnal  dagiM 
oTcnom*  the  diudTaaiag*  of  a  laok  oT  iiiaiiltiu1aiii«  dUlL 
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HARD    SOLDERING 
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HARVEY    RaWELL, 


CONTENTS. 

Introduction.   Utensjlt  an<l  ChtmicaU. — The  ttttme.   Ltmp.   CluKoal. 
Mala.  Blowpipes.  Wub-boUlc   Binding  \i\n.    Dorai.    LliomiGat*. 
Altojrs  for  Hard  Soldering. — Spvltvr.     SilT«r  Midvr.     Uuld  Mldur. 
Oxidation.— Uii'JBilon  iA  mctala.     Fluxos.     A(il)rf>iiditcn. 

Structnre  of  Flftoie. — Oildaclon  of  ga*ea.    Tbe  cone.    Oiiditlog  Auuo. 

itvducing  IIaiu«. 
H»t. — TrtnuinlaBlOD.     Conduction.     Cafiadtj  of  mvtaU.      Radiation. 

Ap[>!kKtIon. 

The  Ptoceat.— Til*  work  labU.  The  Joint-  Appljing  solder.  Ajfjilj- 
Ing  b(«t.  The  use  of  the  btowplpo.  Making  a  fRrruIr.  Joiuw. 
To  repair  a  apoon.  DifficulllnH.  To  rrtwir  a  •ntirli  Ra*o.  tUid 
Kildorlcg  wlih  a  (ofg«  or  hoarth.     Hard  nolderlng  witli  Wngii. 

Technical  Notes.— Prwo^rviog  thin  «dgM.  Sltvonmithn'  plekle.  B»- 
storing  color  lo  gold.  Chiamlo  aoid.  St««l  sprlugt  in  mend. 
Swoating  luptals  l'ij^ili«<r.  KMalnlog  work  In  posillon,  Haktng 
Joints.  Applying  lieai,  Pn-T«iln({  tlie  loe*  o(  heal.  Eflvct  of 
aaipbur,  lead  nadtino.  To  preaerve  preeioua  ilonm.  Anuealing 
and  li»r<]>-DiDg,     Burnt  Iron.     To  hard  aoldcr  after  «ofl  solder. 

Pfopeitleg  of  M»talt.— Tablca  of  specific  p»Tlty.  TabU  of  Innacll;. 
Tabic  of  (aslbilltr.     Fmlbilitr  of  allors. 
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Willi  lh«  tptcad  o(  trcbnkal  EilucaliM,  kbtch  b  trcb  u  fe*ttif«  In  th« 
pmcnt  ceaiaiy,  scaioely  i  household  Uit  tiu  its  mora  or  Imi  picttoliocii 
wottthnn.  to  Khlch  the  nMctumiul  and  tdtatUte  Usmi  of  the  bofi  oin  be 
dereloped  and  made  lueful.  No  better  triyof  kecpinjj;  Idle  band*  from 
ttluUef  can  be  ina;:ine<I.  xnd  there  U  aln-ayi  >  charm  about  bome-made 
knickaackt,  and  u  laiiifikctiaa  in  doing  one's  oa-a  refain  about  the  dvcll- 
ktg.  that  rjulte  atone  for  onjr  little  defect*  that  a  profeuioiul  eye  might 
dlicorcr.  As  aid  bools  to  tuch  fndustriouf  aatatrare.  a&d  by  no  meant  (o 
be  d««inMd  cren  bj-  the  trained  (necbanle,  WORKSHOP  KE<.:RIt'TS 
bavc  enjO)*d  a  wide  reputation  for  clo»e  on  a  quarter  of  a  century.  Of 
handjr  (iie,  well  Indexed,  and  fully  llluilrated.  t bey  comprise  in  themtclvc* 
a  complete  tecbaical  library  at  a  very  low  cov. 

In  adding  a  FIFTH  VOLUME,  the  range  of  lubiect*  has  been 
iridened,  and  the  infomvition  conveyed  in  earlier  volumes  has  been  supple- 
tnceled  b>'  the  results  of  moot  recent  int«si>£AElons  and  cxpehments.  ihut 
brfnging  the  whole  tcries  vcit  up  to  date.  In  il>e  mailer  of  illutiralloo* 
thia  Ust  addition  to  their  oumber  Is  specially  liberal. 


COMTBMVa. 

and    Polishing;     Ijtbcis: 


Diunond  Cutting  and  Polishing;  Ijtbcis:  Laooratory  Apparatus; 
Ccnnt*  Uid  l.utes;  Cooling,  CopymK.  llciiiccatinii;.  DntiilinK.  bvapora- 
tiag.  Iltuminatlnu  Agents:  Filtering:  Explo^ves:  Fiie-prooiine;  Ink: 
Lacquors;  Ma^'ic  Lanterns;  Electrics;  Meial  Work;  Musical  Insinimrnli; 
PacVing  and  Storing;  fercolatlng;  Pretcning,  ComMiooand  Proteclion  of 
Metal  Surfaces:  Punip«  and  Syphons;  Water- proofing;  Glaxs  Muilpulatii^; 
Modelling  and  Planer  Casting;  SlcrcotyiMng;  Tobacco  P<pe«:  Taps; 
Tying  and  Splicing  Taclcle;  Velocipede*;  Repairing  Books;  Nellins^ 
t^'alklng  Slicks;  liaat  IluIIdiet;  Ancraonietersi  Me^utiag  Angii 
'larometen;  Camera  I.ucida;  Ueadiwuieri. 
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